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do with this recovered debris is a critical problem especially in the case of
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determining what precautions were necessary for safe and efficient loading of
debris, how to minimize the amount of visual emissions, and the incinerator's

19 suitability for Coast Guard HH3F helicopter transport.
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1.0 INTRODUCTION

1.1 Background

Disposal of o0il and debris recovereda as part of an o0il spill cleanup
operation has been identified as a critical problem in many instances. This
is particularly true in the case of Arctic spilils or in other geograpnicaily
isolated cases. The development of an air-deliverable open pit ncinerator
aesigned and built by Trecan, Lta., of Mississauga, Ontario, nas peen followea
by tqe Coast Guard for some time as one possible approach to the aisposal
problem,

Tne Coast Guard Research ana Development (R&0) Center was requesteag
to conduct an evaluation of tne Trecan incinerator at the Fire and Safety Test
Detachment (F&STD) by Commandant (G-OMT-4) in July 1979. As a result, a test
and evaluation of the incinerator was accomplished in July 1980. Tnis report
reviews tne effort which was intended to provige test data ana aetaileu
first-hand Coast Guard observations, evaluations, ana judgements.

The air portable open pit incinerator, puilt for Fisneries ana
Environment Canada, was designed to burn oil-soaked combustiple deoris 1in
Arctic regions and geographically remote or isolatea areas. Tne incinerator
components are simplistic in design and are fabricatea from materials which
are readily availaole. It was envisioneg that such an incinerator coula oe
constructed near the scene of an o0il spill incident thereoy eliminating tne
neea of stockpiling incinerators at central locations. Assemoly of these
components after construction coula pe effected by the helicopter usea in
transporting the components to the immeaiate scene.

An initial incinerator evaluation was conducted by Energetex
Engineering, Waterloo, Ontario, to establisn ease of fiela assembly, the
capacity of the combustion air system and fuel consumption rate of the aiesel
engine powering the blower. They observed smoke emissions and firebox temper-
atures monitored at two different feed rates. Their primary recommenaation
was tnat the quantity of refractory material used be reconsidered in future
gesigns. The incinerator appeared to be well suited for disposing of munici-
pal wastes at a permanent installiation in small towns or viilages. For the
purposes of air transport into the Arctic, nowever, it was feit that tne
overall weight of the unit wouid be a critical factor tnat would resuit in
expensive transport costs as well as significant nanaiing and transport
difficulties.

An evaluation of tne Trecan incinerator was performed i1n August 1979
by the Prairie Regional Qil Spill Containment and Recovery Advisory Committee
{PROSCARAC), Edmonton, Alberta. Representatives from Commanaant (G-D; ang the
Coast Guard R&D Center attended as obsearvers. The conclusion drawn by
PROSCARAC was tnat the incinerator could not dispose the quantities of debris
created in a small oil spill as rapialy as desired. A large open eartnen pit
could be sized to suit the quantity of debris to be incineratea and eliminate
the necessity of transporting the massive combustion cnamoer.
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FIGURE 1
Trecan Incinerator
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1.2 Objectives
The project objectives were:

a. To determine the feasibility of portable inCinerators as

an 0il debris disposal method; and

b. To determine, in particular, the applicabiiity of the open

pit, one ton per hour capacity, Trecan, Ltd., incinerator
to Coast Guard needs.

The test and evaluation (T&E) which is the subject of this report
was conducted to satisfy these two objectives.

1.3 Scope i

Included in the test and evaluation effort was the investigation of
what effect debris type, amount of combustion air, and disposal rate had on
the concentrations of NO,, SO, and particulate emissions. Incinerator
operations were examined to determine precautions necessary for safe and effi-

cient loading of debris. Noise levels and total heat flux were monitored in
the immediate work area.

The integrity of the refractory material was evaluated. Incinerator
components were scrutinized for their adequacy in providing utility, dura-
bility, transportability, and convenient assemblage. The air transport and

assemblage of the Trecan incinerator using a HH3F helicopter was videotaped on
the final day of the test and evailuation series.

1.4 Description of Trecan Incinerator

The Trecan incinerator (figure 1) is designed to burn one ton per
hour of oil-soaked debris resulting from the cleanup of an oil spill. The
incinerator sections and auxiliary components can be transported to and
assembled in remote or otherwise inaccessible areas using a medium lift
helicopter. The combustion chamber is comprised of six "L"-shaped sections
forming the sides and floor and four "I"-shaped end sections. Eignt lengths
of square tubing fit into troughs at the bottom and top of the side and end

walls tying the ten sections together to form a chamber ten feet long, five
feet wide, and five feet deep.

Combustion air supplied by a centrifugal fan is directed through a
bank of nozzles at the top edge of the rectangular chamber and a small per-
centage through underfire nozzles penetrating the wall near the hearth. The
blower is belt-driven by a 29.5 brake horsepower air-cooled diesel engine

which is the only user of energy during incineration since combustion within
the chamber is self-perpetuating.
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tions:

The Trecan incinerator was designed to meet the following specifica-

Waste to be Incinerated: Oil-soaked organic matter
Incineration Rate: 1 %on/hour at 7000 BTU/1b heating
value

Loading Procedure: Manual or front-end loader

Clean-out Procedure: Manual

Performance: Smoke density of No. 1 Ringleman
or less

Maximum Weight per Section: 2000 pounds
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2.0 TEST DESCRIPTIONS AND RESULTS

2.1 T&E Subseries 1: Comoustion Air Distribution

Qbjectives:

a. To aetermine air flow rates and patterns in combustion champer.

b. To cetermine to what extent, if any, the tnermocouple array
which is to pe placed insige the combustion champer wili affect
air flow patterns.

¢c. To determine volumetric flow rates for tne purposes of later
positioning instruments to monitor gaseous ana particulate
emissions.

a. To determine whetner the placing of a grate above the combus-
tion cnamber hearth has any effect on air flow patterns.

e. To determine what effect gebris size has on air flow patterns.

Scope of Test and Results:

Tne incinerator was assemblea without the two "I sections of one
end in place (figure 2). Uver tnis opening a clear plexiglass sneet was
clamped into place. Styrene plastic packing beaas were then fea through the
intake of the blower supplying combustion air to the chamoer.

The test provigea tne opportunity to view the air c¢irculation witnin
the combustion chamoer as it would occur during incineration. [t was oobserved
that once a styrene bead exited a nozzie, it would trace a circular patn witn-
in the neight and wigth of the chamber before oeing ejected to tne atmosphere
by moving upward along the back wall and petween the nozzles of the overfire
air auct. Estimated retention time of the styrene beads within the combustion
chamber is less than one second.

In an attempt to increase retention time, tne overfire air auct was
moved back away from the chamber by extending the mounting stuas. Althougn
the air nozzle termini were now in a plane with the back wait of the incinera-
tor, the air was directed to a point lower on the forward wall tnan previous-
ly. This arrangement did not induce rotational air flow.

Grating supported by firebrick six incnes above the heartn dia not
disrupt the circular flow within the combustion champer. It was also observeag
that debris resting directly on the incinerator heartn haag little effect on
the air movement witnin the chamber.

2.2 TAE Subseries 2: Maximum Disposal Rate

Objective:

To determine the maximum rate at which the Trecan incinerator 1s
able to dispose of oil-soaked debris.

¥ i AT YIS T NPT TR ¥ T, G TN A W2
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Equipment Configurations Tried in Loading the Incinerator




Scope of Test ang Resuits:

gefore peginning any testing, a metnod of ioaaing tne ncinerator
nad to De Qevised SO Thal personneg: wouild ve free to complate otner Lasks
necessary for tne test ang evaludation series. A lo-foot cuntinuous oceirt Lon-
veyor was usea to move aebris from tne ground lavel to a nelynt wnich would
facilitate fast and safe loaaing. Tals sethod OFf (0aui1ng Jeoris Could De us2d
in tne actual aeployment oF the Incinerator, Power reguired tu arive tne con-
VEYOr Could be oDtained Trom the giesei engines 12V Ul eiectricai system or
mecnanically ariven oy ampioying a flex arive. Figure 3 gepicts tne various
equipment configurations triea in loaaing tae inCinerator.

The loading chute consisted Oof a strul-supportad sneet mela: aeoris
pan with an open sige. Tne pan's struts are fixea to a lever arm. With tne
ievar 1n tne gown position, the pan is ready to receive Jeoris, Manual
Tifting of tnis iever causes tne loading cnute's contents L0 $11de inty tne
COMDUSLION Cnamder. pecause little mecnanicai aavantage 1S reiairzead from sucn
an arrangement ang vecause OF tne nteénsa neat fluxes n tne viciniily 47 tne
10ag11g <nule, 1S use as the primary means 2f Cnarging tne incinerator was
avandonead in fiavor of tne continuuus Deit Conveyor.

e n Ao e e e s

Y

F IGURE

Loose aebris peing loaded onto continuous deit conveyor.
Note tne man pushing deoris down tne 1oading cnute with a pitgntork.

Although tne conveyor solvea tne problem 0f naving to manuadily raise
the depris over tne six foot-one nalf incn chamber wali, 1T was not without
its problems. Tne conveyor was arranged sucn tnal tne depbris transported o
tne top would free-fali onto the locaading chute sioped 3U deyrees from tnhe ’ e
norizontai. This slope was found insufficient to aliow gedbris to fraeeiy fali '
into the incinerator figure 4. Increasing the siope of Lhe I0auing chute to
o0 cegrees did not iimprove this situation; deortis now tended to roll Dack aown
tne conveyor belt Defore it couia De discnarged because of the conveyor's ’
increased pitcn. In poth 1nstances, tne oedris, 1T nol imnediately ejected ‘
from tne loading chute, would ignite. A suitable arrangement for tae test was




CAR B e

FIGURE 5

Conveyor oelt positionea such tnat pundleo or packagec aepris
is transportea siigntly above chamber wali.

L made Dy positioning the cConveyor so tnat the deoris woulg be transported to a
point three inches above the cnamper wail tnus permitting the aebris to
free-fall over tne wall into the 1incinerator's combustion chamber without
using the loading cnute (figure 5). Tnis scheme also snielgea tne oeit,
roller, and oearings from the raaiant heat. Unly deoris wnicn nas been
packaged, pundled, or paleg can be ioagea into the incinerator in tnis fasnion.

To determine the maximum rate at wnicn the Trecan incinerator was
avle to dispose of debris, the incinerator was chargea witn oales of straw
fully saturated with No. 6 fuel oil. E£ach oil saturated pale containeag 8%
pounds of straw and 20 pounds of No. 6 fuel 01l. Successive increases in tne
charge rate by ten pounds per minute as callea for by the test plan was not
carriea out pecause small increases wouia not have a discernable effect on
conditions observed from the previous cnarge rate.

The incinerator was charged first at a rate of 500 pounas per nour
(one 105-pound bale every 12 minutes, 36 seconas;. At tnis rate, the visual
emissions (see appendix A for standard test method for relative density of
plack smoke) did not exceed one Ringlemann except auring tne recharging of tne
incinerator which causea particulates to be releasea which otherwise woula
have been contained within the combustion chamber. Loading of tne incinerator
manualiy at tnis charge rate could have been accomplished with some degree of
safety. Thg total heat flux in the vicinity of the loaaing cnute was below
0.11 BTU/fté/sec. Flame heights were less than the very top edge of the
chamber wallis,

Charging the incinerator with an oil-saturatea oale every o minutes
18 seconas (1000 pounds per hour) produced emissions which were oc¢casionally
greater tnan one Ringlemann, Any charge rate greater tnan 1000 pounas per
hour produced emissions which were consistently above one Ringlemann, Flames
pegan to break througn the air curtain. The tnick ceramic chamber watls whicn




provided a thermal barrier at a charge rate of 500 pounds per hour were aot of
sufficient heignt to permit personnel to work in the immediate area for any
extandea length of time at charge rates equal to or greater tnan .UGU pounas
per hour.

At charge rates of 1500 and 2000 pounds per nour (figure 6, tne

density of the smoke issuing from the combustion cnamber consistently exceeged
two Ringlemann (40% opacity) and occasionally smoke density was as great as
four Ringlemann {80% opacity). Heat fluxes typically fell in the 0.1-0.4 3Ty
per squar= foot per second range making it uncomforiable to pe witnin i5 feet
of the incinerator. Manual loading using the foading chute would de aifficuit
at best pecause of the intense radiant heat. As the fliames extended bpeyona
the aiwr curtain, 1t carried with it glowing embers of uncombusted straw.
These embers were small enough to pass through the mesh of the screen cover.
The possipiiity of glowing embers igniting dry ground cover or being carried
over and onto the men loading the incinerator 1s a hazard wnich must not be
gverlooked wnen operating the Trecan incinerator.

FIGURE 6

Incinerator charged at a rate of 2000 pounds per hour
of straw saturated witn No. 6 oii
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Sound level measurements were made at 40 locations in tne work areas
adjacent to the incinerator. A polar plot containing contour lines of equal
sound levels is given in figure 7. The sound leveis encountered presentea no
problems to those working in the loading area.

2.3 T&E Subseries 3: Reauction of Smoke Generation

Jojective:

To determine if tne amount of excess combustion air in any way
influences the quantity of smoke generated.

Scops of Test and Results:

The incinerator was charged at 1000 pounds per nour while combustion
air was supplied at one-fourth and three-fourths the maximum Dlower output.
It was observea that an increase in the amount of compustion air suppliea to
the combustion chamber resulted in a reduction of the amount of Smoke gener-
ated for a given quantity of deoris incineratea. The grating was not usea to
conduct the second part of the test as outlined i1n tne test plan pecause it
would not have survived the high temperatures.

2.4 T&E Subseries 4: 0il Water Emuisions

Opjective:

To determine the incinerator's ability to dispose of debris contain-
ing various oil water emulsions.

Scope of Test and Results:

It was observea in T&E Subseries 3 that deoris peing incineratea
will produce smaller quantities of smoke if a greater amount of compustion air
is suppliea to the chamber. All subsequent tests were conducted with the
olower output being at a maximum.

Straw bales saturatea with 011 water emulsions having a water con-
tent of 25 to 90 percent were incinerated at rates ranging from 1000 to 200U
pounds per hour. Tne aggregate weight of each bale variea from 105 pounds for
a bale saturated with 25% water-75% 0il emulsion down to a weignt of Y5 pounds
for bales containing a 90% water-10% oil composition. The apparent dgecrease
in aggregate pale weight with increasing water content of the emulsion was adue
to the emulsion's inapility to adhere to the straw fibers.

The consequence of adding water to No. 6 fuel 0il was to lower
chamber temperatures (see appendix B for temperature histories of various
emulsions) and to reauce flow rates of the combustion gases. This allowed for
more complete combustion of the o0il resulting in a general lowering of emis-
sions and particulate si1ze. Increasing the water content of an emulsion above
25% did not effect a detectable reauction in the amount of visual emissions
for a given charge rate.




FIGURE 7

Sound Level Measurements and Locations




2.5 T&E Subseries 5: SUy, NOy, and Particulate Emissions

1. To determine SOy, NOy, and particulate concentrations gen-
erated during incineration of typical harpor and peach depris using EPA test
methods and proceaures.

2. While originally intending to determine tne dispersion of
gaseous and particulate matter in the surrounding environment, this analysis
was not done because it was not consiuered to pe of practical value. The
basis for that decision was: first, the emission source is small ana 1s not
in a permanent location, and second, the variapility of terrain and tne infiu-
ence it has on dispersion makes the results site specific.

Scope of Test and Results:

It was determinea from .:3t 2 that the incinerator charged with
pales saturatea with No. 6 oil at a rate of 1000 pounds per nour generated
emissions which were occasionally greater than one Ringlemann. The amount of
radiant heat was such that manual loading could be accomplishea but not witn-
out some degree of discomfort to operating personnel. The addition of water
to the No. o fuel o0i) in Test 4 coupled with combustion air peing supplied at
the maximum rate considerably reduced the amount of visual emissions. Tne
combined results of these previous tests were to minimize tne amounts of
visual emissions. This laid the groundwork necessary to conduct gas and par-
ticulate concentration measurements. Tnis test quantifiea NOy and SOy
concentrations, hydrocarbon constituents, particulate sizes, ana particulate
mass flux for straw debris saturated with an emulsion containing 50% water ana
for debris saturated only with No. 6 fuel oil. The data was collectea anag
analyzed by Mooil Researcn and Development Corporation, the resuits of whicn
are included in appendix C.

2.6 TJ&E Subseries b: Air Transportability

e e e WD e ) ey

Objective:

To agetermine Coast Guara aircraft capabilities in transporting tne
Trecan Limited incinerator.

Scope of Test and Results:

Helicopter transport and assembly of the Trecan incinerator took
place on a large concrete surface area at Brookley Industrial Park, Mobile,
Alabama. Weather conditions during the test included a sunny cloudless day,
bega%mgg winds, a relative humidity of 784 and air temperatures between
989-1039F,

Four incinerator sections and the overfire air plenum were hoisted,
transported, and assemblied with the HH3F nelicopter. The capanility of tne
HH3F lifting and moving a 2000-pound object such as an incinerator component
was documented in a letter from Commanding QOfficer, Coast Guara Aviation
Training Center datea 18 March 1980. It was felt that the HH3F would pe well
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suited for the mission subject to limitations given in appendix D. This en-
closure to the Aviation Training Center's letter contains performance data
that relate to fuel required and fuel available for given flight conditions.

The hoisting of the incinerator was a time-consuming task., The
lifting device is first attached to the incinerator section which is to be
lifted. This device ensures that the base of the section is horizontal thus
enabling it to be set exactly in its assembled position. A pendant is then
fastened to the lifting device. Once these two pieces of hardware are
readied, 1ifting of the section by helicopter can .commence. The nelicopter
must hover low enough to permit use of a dead man's stick to discharge the
static electricity before manual coupling of the pendant to the aircraft frame
can be effected. Positioning of the helicopter was guided by hand signals
given by an air crew member on the ground. Once off the ground, the incinera-
tor sections were positioned 50 yards from the pickup point for assembly.

Several problems were encountered. The most apparent of these was
the incincerator end sections' high center of gravity which resulted in their
being toppled by the helicopter's rotor wash. This resultad in some of the
refractory being broken off near the edges or cracking across the incinerator
wall face. However, the incinerator still could have been assembled and oper-
ated. Extreme care had to be exercised when positioning each section in its
final assembled position. There were no fabricated handholids. By holding the
steel frame supporting the refractory material, one risks having their feet
beneath the suspended moving load as it was being positioned. The assembly
crew of three people had a hard flat working surface to position the incinera-
tor sections on.

FIGURE 8

Transporting the overfire air plenum,




This type of situation would not likely be encountered at the scene
of an actual oil spill. The crew was of the opinion that they were never
fully in control of the load as they attempted to position the incinerator
sections. While the incinerator sections were very stable when transported,
the overfire air plenum teetered (figure 8) when attached to the center
lifting eye. Repositioning of the lifting eye at the end of the plenum wouid
resolve this problem.

If assembly of the inCinerator were to take place at a remote
location, site selection is critical. Because the neiicopter hovered as close
as 12 feet above the ground (figure 9), the rotor wash 1s likely to carry dirt
and debris with it. The helicopter's rotor wash will always de a proolem 1n
such a situation unless longer pendants are used permitting the helicopter to
work at a higher attitude. The lifting device and pendant could be recovered
by using the powered hoist thereby allowing the helicopter to maintain this
higher attitude during the entire assembly evolution.

FIGURE 9

Helicopter hovering for section pick-up. Ground signalman is
to the left of center.
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3.0 CONCLUSIONS AND RECOMMENDATIONS

! 3.1 Durability of Incinerator Sections

The incinerator sections were made of materials which were aole o ‘
withstand the extreme temperature ranges, rapid temperature changes, and !
mechanical abuse that occurred during testing. The long tractor-trailer trip ?
from Mississauga, Ontario, to Mobile, Alabama, resulted in cracks penetrating
through the width of the wall of all incinerator section (figure 10). The re- [1
fractory's structural integrity was maintained by.heavy steel support framing,
refractory anchors, "Niles" expanded metal structural grating, and the addi- .
tion of stainless steel needles to the refractory before casting. The fact !
that the incinerator end sections were toppled from the rotor wash, yet
remained intact, is a testimonial to tnis integrity.

FIGURE 10

Two of the incinerator's end sections. The cracks shown
here were typical of those found on all other incinerator sections.




3.2 ODurability of Incinerator Components

The faoricated steel components were ail found to be adequate for
their intendea purpose. Moderate surface warpage to the overfire air plenum
caused slight reorientation of the nozzies. Tnis warpage, nowever, was not
severe enough to affect incinerator performance. Operators snould ensure that
the pulleys of the diesel engine anda blower are coplanar. Non-alignment
guring the test resulted in excessive onelt wear and premature failure.

3.3 Performance of the Incinerator

The maximum amount of 01ly debris which can pe fea into tne comous-
tion cnamper safely was found to be no greater tnan 1000 pounas per nour.
Tnis finding coincides witn other tests and evaluations of the Trecan inciner-
ator conducted in Canada. The incinerator firea at a rate greater than this
produced emissions which consistentiy exceeaed one Ringlemann (20% opacity).
If greater disposal rates are desired, a mechanical gelivery system other than
the Joading chute should pe usea to deliver the debris to tne comobustion
chamoer. It should pe designed to eliminate personnel Deing exposed to the
intense radiant neat developed at feea rates at or greater than 1000 pounds
per hour.

Tne adaition of water to the oil markedly reducea tne visual emis-
sions. If the incinerator is operated in an area where unsightiy emissions
would be of concern, ciled debris containing 25% to 75% water should pe incin-
erated.

3.4 Suitability of Incinerator to Air Transport

The HH3F is the only heiicopter possessed by the Coast Guard wnicn
could be used to hoist, transport, and assemble tne Trecan incinerator in an
area which is inaccessible by land vehicles. As indicated py the nelicopter's
performance data, the farthest that such an operation couid be accomplisned
under ideal conditions without refueling petween pickup ana assembly points by
the aircraft is 60 nautical miles per round trip. Thirteen round trips would
be required to assemble the incinerator at this distance,

The massiveness of the incinerator sections caused consiceraole
difficulty to the ground crew during the positioning ana assemoly evolution.
A level surface is an absolute necessity for the successful mating of tnese
sections. A reduction in the weight of these components woula ygreatly enhance
the practicality of transporting the incinerator sections and components.

3.5 Safety of Qperation

The present loading arrangement allows safe loading of packagea or
bundled deoris at charge rates up to 1000 pounds per hour. Loose dedris 1S
difficult to deposit in the combustion champer particularly wnen saturatea
- with 0il. Eliminating the need to manually 1ift the aebris over the six-foot
incinerator wall would improve the operation's safety posture while reaucing
the manual labor involvea.

17




FIGURE 1t

Incinerator sections being assembled with a crane car.
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Siting of the incinerator is a consiaeration which shoula not pe
given careful consideration. It is important to locate the incinerator aown-
wing from the loading area so that hot embers will not be carried over and
onto the personnel operating the incinerator. Altnough the overheaa screen
which serves to prevent flaming or glowing embers from escaping the compbustion
chamber was not used in the test and evaluation, it would not nave peen 2ffec-
tive in containing the size of burning debris peing ejected from tne incinera-
tor auring these tests.

3.6 Refractory Material

It would be possible to reauce the amount of refractory provigea
that the debris is of small Dits and pieces thereby eliminating tne aamage
causea by heavy freefalliing debris. Tnis might pe accompliished Dy processing
all debris through a shredder and then feeding 1t into the compustion cnamoer
Dy a worm screw conveyor. Reaucing the refractory weight wouid ennance trans-
portability, pernaps to a point where a HH52A or HH65A nelicopter couig pe
used,

3.7 Ease of Assembly

The geometrically simple shapes of the incinerator sections made
assembly uncomplicated to a degree that it could have been accompiishea witn-
out instructions. Each section can pe conveniently moved and set into place
using a crane car; however (figure 11}, the safety of moving ana assemp)ing
the Trecan incinerator with the HH3F helicopter is very marginal.

3.8 Faprication of the Incinerator

The Research and Development Center contracted Trecan Limitea to
build the incinerator at a cost of approximately 340,000 n March of 198u.
The incinerator was delivered in Mobile, Alabama, two months later. This was
after a one-week delay in delivery of the finished product was experienced
because of supplier delays of items necessary for incinerator fabrication. It
is inconceivable that the concept of stocking the complete set of incinerator
olueprints rather than the finishea incinerator sections and components woulad
result in an incinerator built and deliverea for immediate use. The reasons
that would preclude such a concept are that the construction of tne
incinerator would be far from material supplies and skillea lavor.
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APPENDIX A

Standard Test Method for Relative Density of slack Smoke
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'AMERSI% NAHONAL' ANSI/ASTM D 3211 - 79

Standard Test Method for

RELATIVE DENSITY OF BLACK SMOKE (RINGELMANN

METHOD)'

This standard 18 ssued under the tixed Jesignanon O 3211, the numder immiediatels toilowing the denignation iadicates the
-ear of unginal adopuion or, in the case uf revision. the year of last resinwin. A number 1n parentneses Indicales the vear ot last

‘eapprosal.

. Scope

1.1 This method covers the determination of
the relative density of black smoke.

1.2 The apparent darkness or opacity, or
hoth. of a stack plume depends upon the fol-
lowing:

1.2.1 The concentration of particulate mat-
ter in the effluent.

2.2 The size of the particuiate.

1.2.3 The depth of the plume being viewed.

1.2.4 Natural lighting conditions, such as the
direction of the sun relative 1o the observer.
and the amount of light.

1.2.5 The color of the particuiates. and

1.2.6 The background conditions.

1.3 In the determination of visual emissions.
the Ringelmann Smoke numbers are consid-
ered a special case for measunng s~ades of
black or gray of fly ash arising from combustion
processes.

2. Summary of Method

2.1 The Ringelmann Smoke Chart, indicat-
ing shades of gray (blend of black and white)
by which the density of smoke rising from
stacks may be compared., is used to determine
the density of the black smoke. A qualified
observer may use the Ringelmann Chan. or
other aids (0 make this determination.

3. Significance

3.1 The Ringelmann Chart was originally
intended as a guide for plant operators in ad-
justing turnaces to burn coal efficiently. Since
the emission of soot is an inherently prevent-
able act of pollution. it was then adopted by
many jurisdictions as a basis of air pollution

control regulations. Despite 1ts subjective na-
ture. it has been found useful in precusely this
context. In addiuon. Ringeimann readings tend
to correlate closely with adverse public reaction
to the sight ot a discharge of btack smoke, and
probably less well with the potenual of that
smoke to degrade visibtlity. Ringelmann read-
ings are a subjective test, and may or may not
be a direct measure of the quantity of emission.

4. Interferences

4.1 Errors or variations in Ringelmann read-
ing may occur due to the following conditions:

4.1.1 Vanations in the background against
which the smoke is viewed.

4.1.2 Variations in the ambient light which
illuminates the Ringelmann charts and which
may be considerably different from the light in
the area of the stack.

4.1.3 The optical focus of the observer’s eves
when looking {rom the smoke to the charts or
data sheets. or both. and

4.1.4 Changes in the type of fuel burned and
variations in the fuel result in different smoke
density emissions due (0 water vapor, particu-
late size. shape. and color.

5. Apparatus

5.1 Ringeimann Smoke Charnt.’ which em-
ploys a scheme whereby graduated shades of

' This method 15 under the junsdictioa of ASTM Com-
mitiee )-22 vn Methods of Samplmg and Analyss of Aat-
maospheres and 13 the direct v of §

D246 on Saurce Sampling.

C urrent cdiion approsed Feb. 13, 1979 Published Apnl
7% Onginally published as D 3211 T T, Last previous
ediion D211 AT

‘Demnibed 1n U 5. Department of Intenor Bureau of
Mines (ntormanon Circular 2333 ssued May 1967

e
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gray. varying by five cyual steps between white
and black are employed to evaluate the density
of smoke emissions.

5.1.1 Ringeimann Smoke Chart shall be pro-
duced by preparing a rectanguiar grid of car-
boa-black lines of definite width and spacing
on a flat-white background ol paper or card-
board having a reflectance eyuivalency of re-
agent grade magnesium oxide (MgO) powder
or barium sulfate (BaSO,) powder.

Cards 1545 mm wide by 224.5 mm long
shail be prepared as follows:

Card 0 All winte, percent black 0.
Fig. | Card | Black lines | mm wide. (1) men apan. leaving
white spaces 9 mm square, with 6.7% mm white hocder.,
¢ black 20.

Fig. 2 Card 2 Black lines 2.3 mm wide. 10 mm apan,
leaving white spaces 7.7 mm square. with 6.1 mm white
border. percent black 40.

Fig. 3 Card 3 Black lines 3.7 mm wide. [0 mm apart,
ieaving white spaces 6.3 mm wuare, with S 4 mm white
burder. percent hlack 60.

Fig. 4 Card 4 Black lines 5.5 mm wide. |0 mm apart.
leaving white spaces 4 5 mm syuare, with 4.5 mm whie
border. percent black 80.

Card $ All biack, percent black 100

5.2 Micro-Ringeimann Smoke Chart' (Fig.
5)--a direct facsimile reduction ot the standard
Ringeimann Smoke Chart empioys the same
scheme as the Ringelmann but the smaller scale
permits easier handling.

5.3 Smoke Scope', which incorporates a
viewing apparatus to compare the smoke heing
observed 10 a reference (iim. Light from aa
area adjacent 1o the smoke being observed is
transmitted through the reference film onto a
mirror, and then through a lens onto a second
mirror. From this second mirror. the reference
image can be compared with the smoke being
observed. The reference film is located exactly
at the focal distance of the vintual image: there-
fore the image can be compared (o the smoke
being observed without refocusing of the ob-
server's eye.

6. Calibration and Standardization

6.1 Qualification of Observer — Any qualitied
observer must complete a smoke-reading
course with a content approved by ur conform-
ing to the course presented by The Environ-
mental Protection Agency (EPA).* Upon com-
pletion of the course. any qualitied observer
must be centified by the agency or a recognized
organization giving the course. To pass the test
for cenification. an observer must be abie o

- epm————_

D3211

assign Ringelmann numbens (o the nearess
0.25 Ringelmann number) to 25 dilerem
smoke plumes. with an error not to exceed 157
on any one reading and an average efror not (o
exceed 7.5% on all 25 readings. All qualified
observers must pass this Lest every year n order
1o remain certified.

6.2 The smoke generator used to tran the
observers must have the capabilities to peoduce
gray/black smoke from 0 to No. 4 Ringeimana.
A calibrated smoke indicator or light transms-
sion meter located in the source stack of the
smoke generator shall be used for the actuai
determination of the related Ringelmann emus-
sion readings.

7. Procedure
7.1 General:

7.1.1 Glance at the stack every 15 to 30«
using the observer's own trained cyes or using
the ad of a Ringelmann chart. micro-Ringel-
mann, or smoke scope. Record the data as
stated in Section 8. using the recommended
data forms. Ringelmann numbers correspond
(o the following densities of smoke:

Percent Light
Ringet Tr Smoke Density
Numbet through Smoke "
0 100 0
| 30 20
2 L] 40
3 4) ol
4 20 R
5 0 Hon

7.1.2 Record the Ringeimann number to the
nearest % fraction of a whole Ringelmann num-
ber that the observer is capable of reading
Record the conditions under which the reading
is being taken. Under adverse conditions. such
as noted in Section 4 or when the observer
must deviate from the procedures hsted. the
observer shall use whole Ringelmann number
readings.

7.1.3 In determination of the smoke emu-
sions, readings should be taken over a relauvels
loang penod of time. for example. | h. or 1 the
process is a batch-type operation. then readings

3

' Published by McGraw-Hill Publishing Co.

' Manulagtured by the Mine Salety Appiances ¢ o e
the eyuivaient thereof.

" Smuke reading counes Jre vilered by EP2A Regions [
111V and V1L, as weil a3 by moat satey, and by 4 tew mayur
air pollution control distncts.
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should be made over at least one complete
cycle.

1.2 Use of The Ringelmann Smoke Chart:

7.2.1 Support the chart on a levei with the
observer's eye, in line with the smoke plume
being observed. and at such a distance (about
30 ft from the observer) that the lines on the
charnt merge into shades of gray. Glance from
the smoke piume to the chart. and determine
the Ringeimann number that most neariy cor-
responds with the shade of the smoke being
observed. :

7.2.2 Observe the smoke ai approximately
right angles to the direcuon of plume travel.
with the sun behind the observer as much as
possible. Observe the smoke at the pownt ot exit
from the stack. except for detached plumes
iwhich shall be observed at the pount of greatest
density) and plumes containing steam (which
shall be observed just beyond the point of
steam dissipation).

7.2.3 Observe the smoke against a contrast-
ing background (usually the blue sky). and with
enough light present so that the plume can be
adequately seen. Where air pollution controi
regulations permit nighttime observauons. use
back lighting. The observer must be trained
and cerified for nighttime readings before re-
porting such readings.

7.2.4 Stand at least two stack heights away
from the stack being observed. and not more
than 2500 ft (762 m) from the stack.

7.3 Use of the Micro-Ringelmann Smoke
Chart:

7.3.1 Support the chart on a level with the
observer's eye, in line with the smoke plume
being observed. at approximately an arm’s
length from the observer or at a distance that
the lines on the chant merge into shades of gray.

&77

e i gt it o = 2

D 3211

View the smoke plume through the slot in the
middle of the chan, and determine the Ringel-
mann aumber that most nearly corresponds
with the shade of smoke being observed.

732 See 72210724

74 Use of the Smoke Scope:

74.1 View the plume through the instru-
ment, aiming it so that smoke lills the field of
vision through the aperture. Compare the ref-
erence images (o the smoke plume being ob-
served. and determine the Ringeimann number
that most nearly corresponds with the shade of
smoke being observed.

742 See 72210724

8. Caiculation and Report

8.1 Determination of Average Smoke Den-
sity ~Qbserve the smoke density. using the
Ringelmann Smoke Chart, the Micro-Ringel-
mann Smoke Chart. or the smoke scope. at
constant intervals of 15 or 30 s. At the end of
the observation period. divide the sum of the
Ringeimann numbers by the total number of
observauons made. The results shall be the
average smoke density. expressed as a Ringel-
mann number.

8.2 Perceniage Smoke Densitv—Any smoke
density expressed as a Ringelmann aumber can
be converted to a percentage smoke density by
multiplying the Ringelmann number by 20.
Thus. a Ringeimann Number | would equal a
2Q% density, and a Ringeimann Number 3
(black smoke) would equal a 100% density.

8.3 Suggesied Data Form—A convenient
form for recording and computing the average
percentage of smoke density, as well as the
average Ringelmann, .. .er a time period of | h
is shown in Fig. 6.
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FIGN. 14 Ringeimann s Soale (or Gieading the Density o Sawke’

P

FiG. 1 Pquiveient to 20 Percent Bluck.

FIG. 2 Fqueaient to 40 Percent Biack.

. ."..' -. ." . .- - . . .

FIG. )} Equivelent 10 60 Percent Black.

* A pnint for the Ringeimana’s Scale for Geading the Density of Smuke 13 available 3t 3 nominal charge trom ASTM
Headquarters. 1916 Race 5t.. Philadeipia, Pa. 1910) Reyuert adjunct Na 12432110-00
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SMOKE OBSERVATION FORM
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APPENDIX 8

Temperature and Heat Flux Histories
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TRECAN INCINERATOR TEST
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INTRODUCTION




( INTRODUCTION

Sanders Engineering & Analytical Services, Inc.
(SEAS) performed a series of emission tests on a Trecan
oily debris incinerator for Mobil Research & Development
Corporation. The tests were conducted at the Fire and
Safety Test Detachment of the U.S. Cocast Guard Base,
Mobile, Alabama. The tests were conducted during the
week of July 7, 1980.

There were two separate series of tests performed
under different operating conditions. Each series of tests
consisted of an EPA Method 5, or particulate emission test:;
an EPA Method 6, oxides of nitrogen test; an EPA Method 8,
sulfur dioxide, sulfuric acid mist test; an EPA Method 2,
velocity profile test; an EPA Method 9, Visible Emissions
test; and a particle size distribution test. The first
series of these tests were performedwhile the incinerator
was being charged with straw saturated with #6 oil. The
second series of tests were conducted with the incinerator
being charged with straw saturated with a 50 percent mixture
of #6 oil emulsified in water. A preliminary velocity
traverse was performed prior to the charging of any
material in the incinerator, to determine the best possible
testing arrangement. A summary of these results is pre-

sented in the following section.
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The tests were conducted by Mr. Joseph C. Sanders,
Mr. John Rogers, Mr. Johnny W. Sanders, and Mr. Greg Dobson

of Sanders Engineering. The tests were coordinated with

Mr. Glen Tolle of Mobil Research & Development Corporation.




Summary and Discussion of Results

The results of the tests are summarized in Tables
I-I through I-VI. Complete emission data for each run are
included in Section III,

In order to prevent any extraneous particulate matter
from being collected on the filters during wash-up, the
wash-up procedure was carried out in a relatively clean,
draft free sampling van. The filters for each run of the
Method 5 test contained many straw fibers which indicated
a portion of the straw fed to the incinerator was not
being combusted, but was being carried out by the
relatively high flow rates through the air curtain. The
major problem experienced during the performance of the
particulate test were the extremely high temperatures at
the sampling location. The stainless steel probe used for
sample collection became distorted at these elevated
temperatures. The in-stack filter, or Method 17 test, was
not able to be completed. The high temperatures caused

complete disintegration of the filter assembly.

Discussion of Particulate Sampling Results

Table I-I is a listing of the results of the parti-
culate (EPA Method 5) results. The first column are
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TABLE I-1

PARTICULATE TEST RESULTS

MOBIL RESEARCH & DEVELOPMENT CORPORATION
Final Results - Method §
Test Conditions #6 0il 50% Emulsion

vVolume of Gas
Sampled, SDCF (Vm) 9.19 7.49

Molecular Weight of

Stack Gas, lb/lb-mole (Ms) 28.8 28.8
Water Vapor in Gas

Stream, percent (Bws) 3.5 3.6
Average Stack Gas

Velocity, ft/sec (Vs) 24,1 19.7
Average Stackocas

Temperature, F (ts) 1900. 1300.
Volumetric Flow :

Rate, SDCFM (Qs) 12493, 10897.
Volumetric Flow

Rate, ACFM (Qa) 54770. 37448.
Particulate :

Concentration, grs/SDCF (Cs) 1.6365 0.6480
Particulate

Concentration, grs/ACF (C.) 0.3556 0.1885

Particulate Mass
Rate, lb/hr { PMR) 175.2 60.5

Percent of
Isokinetic (s1) 107. 103.
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the results of the test conducted while firing straw
saturated with #6 oil. The second column are the test
results while firing straw saturated with a 50-50 emulsion
of #6 o0il and water. The addition of the water on the
second day of testing had two pronounced effects on the
emissions of the incinerator:

1) the flow rate was less;

2) the particulate emissions were considerably

less. ’
This is verified by the results of the opacity test con-
ducted during each date. The average opacity for the first
date of testing with no water added to the #6 oil, was
approximately 85 percent or greater opacity. On the second
day when water was added to the #6 o0il, the opacity was
approximately 40 percent.

A particle sizing test was performed to determine
the percentage of particles in specific size ranges.
Tables I-II and I-II1 are the results of the test, and
Figure I-1 is a graph of those results. As can be seen
from the graph, the percent of particles larger than any
specific diameter, was much greater for the test with
#6 o0il than it was with the 50 percent emulsion. We
feel this could best be explained by the fact that the
incinerator was, in our opinion, overloaded and could not
posgibly handle the quantity of straw ahd oil which was

1-5.
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CUMULAT1V!: PERCENT LESS THAN

Figure I-1l.
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being fed. The air curtain could not contain the particles,
therefore, a large portion of the 0il was emitted directly
through the curtain and escaped as particulate matter. On

the date the 50 percent emulsion of oil and water was

fired, the residence time appeared to be considerably
longer because of the reduced flow rate and reduced
temperatures. This allowed more complete combustion of

the o0il, giving both a lower emission rate and a smaller

particle size, since o0il combustion should yield virtually
all particles less than 5 microns. This hypothesis is
borne out by both the results of the particulate emission

test, the opacity observations, and the'particle size

distribution results.

Because of the design of the manifold supplying
the air curtain, there was approximately an 8 inch space
on the back wall of the incinerator for which there was
no air curtain. This was due to the nozzles extending
approximately 8 inches into the incinerator. The great
majority of particulates exited the incinerator through
this 8 inch gap. The U. S. Coast Guard made a video tape
of the air curtain and air flow pattern within the
incinerator by use of colored styrofoam material. This
tape illustrates the relative quantity of emissions and

flow which is lost through this 8 inch gap.
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Discussion of Sulfur Oxides Emissions Testing

Table I-IV is a listing of the results of the sulfur
dioxide and Table I-V is the listing of the results of the
sulfur trioxide or sulfuric acid mist testing performed
under each of the two testing circumstances. As can be
seen from the results of the sulfur dioxide testing, the
sulfur dioxide emissions of the #6 0il test were approxi-
mately double those of the 50 percent emulsion test.
However, the sulfur trioxide emissions were greater during
the 50 percent emulsion test than they were during the
#6 oil test. This increase in sulfur trioxide and sulfuric
acid mist emissions can be accounted for by the increase in
the amount of moisture present in the incinerator. This
allowed some of the sulfur dioxide to be converted to
sulfur trioxide or sulfuric acid mist. If large quantities
of water were introduced into the incinerator, it is felt
that the sulfur trioxide emissions would increase propor-
tionately. The nitrogen oxides emissions decreased (see
results in Table I-VI) when emulsified oil was fired
rather than straight #6 oil, We feel this decrease was

primarily due to the reduced quantity of oil fired and the

lower temperatures.
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TABLE I-IV
SULFUR DIOXIDE TEST RESULTS

MOBIL RESEARCH & DEVELOPMENT CORPORATION

Test Conditions #6 01l 50% Emulsion

Volume of Gas

Sampled, SDCF (Vm) 9.342 7.618

Molecular Weight of 29.3 29.3

Stack Gas, Dry (Md)

Molecular Weight of

Stack Gas, Wet (M) 28.9 28.8

Velocity of Stack (vs) 23.8 19.6

Volumetric Flow

Rate, SDCFM (QS) 12565. 10992,

Volumetric Flow ’

Rate, ACFM (Qa) 56825. 37137.

Percent of

Isokinetic (21) 108. 103.

Sulfur Dioxide

Concentration, lb/SDCF (Cso ) 19.4-06 11.6-06
2

Sulfur Dioxide ‘

Concentration, mg/SDCM (C_, ) 310.8 185.8
2

Sulfur Dioxide

Concentration, PPM (C ) 117.9 70.5

so,
Pollutant Mass Rate
1lb/hour (PPM) 14.6 7.65
I-11.

M=-65:8

i
*.
!

T




TALLE 1-V )
SULFUR TRIOXIDE TEST FESULTS

MOBIL RESEARCH & DEVELOPMENT CORPORATION

Test Conditions $6 0il 50% Emulsion

Volume of Gas

Sampled, SDCF (Vm) 9.342 7.618

Molecular Weight of

Stack Gas, Dry (Md) 29.3 29.2

Mole« 1lar Weight of

Stack Gas, Wet (M) 28.9 28.8

vVelocity of Stack (vs) 23.8 19.6

Volumetric Flow

Rate, SDCFM (Qs) 12565. 10992.

Volumetric Flow

Rate, ACFM (Qa) 56825. 37137.

Percent of

Isokinetic (81) 108. 103,

Sulfur Trioxlde

Concentration, lb/SDCF (Cso 2.1-06 3.0=06
3

Sulfur Trioxide

Concentration, mg/SDCM (Cso 34.4 48.6
3

Sulfur Trioxide

Concentration, PPM (Ceq 10.4 14.7
3

Pollutant Mass Rate

1b/hour (PPM) 1.62 2.0

I-lZ. 'y
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Process Description

The process consists of burning straw and other
debris saturated with #6 oil in an open pit type inciner-
ator. The incinerator, 5' x 10' in size, was equipped
with an air manifold along the longer axis. This manifold
served two purposes: One was to create an effective air
curtain over the incinerator, which would aid in the capture
and complete combustion of the larger of particles emitted
from the incinerator. The other purpose of the manifold
was to supply combustion air for the burning process.

The material was fed to the incinerator over the

top by the use of a conveying system.

Sample Point Locations

The sample points for the emission test are shown in

Figure I-2. The observer's position for the EPA Method 9

test in relation to the incinerator is shown in Figure I-3.
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Figure I-2, Sample Point Locations.
MOBIL RESEARCH & DEVELOPMENT CORPORATION
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Figure I-3. Position of Observer
Method 9 Test
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PARTICULATE SAMPLING PROCEDURE

The sample procedure utilized was that approved
by the Alabama Air Pollution Control Commission. A
brief description of the sampling procedure is as follows:

The sample train was prepared in the following
manner: 100 ml of distilled water was added to each of
the first two impingers. The third impinger was left
empty to act as a moisture trap, and preweighed silica
gel was added to the fourth impinger. The train, with the
probe, as shown in the following schematic, Figure II-1,
was leak checked by plugging the inlet to the nozzle and
pulling a 15 inch Hg vacuum. A lcakaye rate not in excess
of 0.02 cfm was considered acceptable.

The inside dimensions of each stack were measured
and recorded. The number of sampling points, and the loca~
tion of these points on a traverse, were determined by

the guidelines sct forth in the Federal Register, Vol. 36,

No. 247, Sec. 60.85, Method 1. These points were then

marked on the probe for casy visibility.

A preliminary traverse was conducted to determine
the range of velocity head and the pressure of the stack.
From these data, the corcect nozzle size and the nomograph
correction factor were determined.

I1-1.




The probe was attached and the heater was adjusted
to provide a temperature of 248° F + 25° F., The filter
heating system was turned on and its temperature adjusted
to 248° F + 25° F. Crushed ice was then placed around
the impingers. The nozzle was placed on the first traverse
point with the tip pointing directly into the gas steam.
The pump was started immediately and the flow was adjusted
to isokinetic sampling conditions. After the required
time interval had elapsed, the probe was repositioned to
the next traverse point and isokinetic sampling was re-
established. This was done for each point on the traverse
until the run was completed. Readings were taken at each
point. When changes in stack conditions occurred, adjust-
ments in sampling flow rate were performed. At the con-
clusion of each run, the pump was turned off and the final
readings were recorded.

Particulate Sample Recovory

Care was exercised in moving the collection train
to the sample recovery area to minimize the loss of collected
sample, or the gain of extrancous particulate matter. The
volume of water in the first three impingers was measured
and recorded on the field data sheet. The probe, nozzle,
and all)l sample-exposed surfaces were washed with reagent
grade acetone and put into a clean sample bottle. A brush

was used to looscen any adhering particulate matter and sub-

sequenl washings were pu!. into the containcr. The filter y

I1-2.




was carefully removed from the fritted glass support, and
placed in a clean Pctri dish, The silica gel was removed
from the fourth impinger and transferred to its original
container. A samplce of the acetone used in washing the

probe was saved for a blank laboratory analysis.

Particulate Analytical Procedurces

The filter and any loose particulate matter were
transferred from the Petri dish to a clean, tared glass
weighing dish. The filtor was placed in a desiccator for
at least 24 hours, and then wecighed to the nearest 0.1 mg
until a constant weciqht was obtained. The oriqginal weiqght
of the filter was deductnd, and the weight gain was re-
corded to the nearest 0.0 mq,

The wash solutinn was transferred to a clean,
tared beaker. The solution was cvaporated to dryness,
desiccated to a constant weight, and the weiqght gain was
recordad to the ncarest 0.1 mqg. The silica qel was weighed

and the weight gain was recorded to the nearest 0.5 g.
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SULFUR DIOXIDFE EMISSIONS TEST

SAMPLING PROCEDURE

The sample procedure utilized was that approved by
the Alabama Air Pollution Control Commission. A brief
description of the sampling procedure is as follows:

The sample train was prepared in the following
manner: 100 ml of 80 percent Isopropanol was added to the
first impinger. To the second and third impingers, 100 ml
of 3 percent Hydrogen Peroxide was added, and preweighed
silica gel was added to the fourth impinger. The train,
with the probe as shown in the following schematic, was
leak checked by plugqging the inlet and pulling a 15 inch
Hg vacuum. A leakage ratc not in excess of 0.02 cfm was
considered acceptable. (zee Figqure

Crushed ice was th~n placed around the impingers.
The tip of the probe was placed at the sampling point. The

pump was started immediatnly and the flow was adjusted

to a rate less than one cubic foot per minute. During

sampling, readings were taken at five minute intervals.

After the required sampling time had elapsed, the pump was
turned off, the final readings recorded, the probe removed
from the stack and a final leak rate was determined. The
impingers were then flushed with clean ambient air at the

sampling rate for 15 minutes.




RA

P

Sulfur Dioxide Sample Recovery

After the ‘completion of each run, the collection
train was moved to the sample recovery area. The contents
of the first impinger were retained. The contents of the
second and third impinger:s were emptied into a leak-free
polyethylene bottle. The impingers and connecting tubes
were rinsed with distilled water and these washings were

added to the storage container.

Sulfur Dioxide Analytical Procedure

The contents of the storage container for each run
were transferred to a volumetric flask and diluted with
deionized distilled water. An aliquot of this solution was
pipetted into a 250 ml erlenmeyer flask, 80 ml of 100 per-
cent Isopropan®l and 2 to 4 drops of Thorin indicator were
added. This was titrated to a pink end point using 0.01
Normal barium perchlorate. Replicate titrations on each
run were repeated until they agreed within one percent, or

0.2 ml, whichever was larger.

II-G. -
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SECTION III

FIELD DATA




SANDERS ENCINEERING &« ANALYTICAL SERVICES. INC.

NOMENCLATURE
A, = Cross-sectional area of nozzle, ftz
(3 significant digits)
Ag = Area of stack, fe2
Bvs = Water vapor in the gas stream, proportion ]
by volume (dimensionless)
Cp = Pitot tube coefficient (dimensionless) ;
Cq = Particulate concentration, grains/SDCF
5o = Particulate concentration (c_ adjusted to -

507 excess air) grains/SDCF

c = Particulate concentration (¢, adjusted to
12 s
12% €03) grains/SDCF

EA = Excess air, 7

I = Percent of isokinetic sampling

Ko = Orifice correction factor (dimensionless)
Kp = Pitot tube constant,

85.49 ft/sec

[(1b/1b-nole) (in.Hg) |
L (°R) (1n. H0)

L = Maximum acceptable leakage rate for either a
pretest Jeak check or for a leak check following
a component change; equal to 0.02 CPMor 4 percent
of the average sampling rate, whichever is less.

Ly = TIndividual leakage rate observed during the leak
check conducted prior to the "{th" component
change ({ =1, 2, 3 ..,. n), CPM

LP = Leakage rate observed during the post-test lesk
check, CPTM

L = Total amount of particulate matter collected, mg

n, = Mass of residue of acetone after evaporation, mg

My = Molecular weight of stack gas; dry hasis,
1b/1b=mole

Mg = Molecular weight of stack gas; wet basis, -
1b/1b-mole

Pbat = Baromrtric pressure at the sampling site, in. Hg

!
'
I
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SANDERS ENGINEERING ¢ ANALYTICAL SERVICES. INC.
Py = Meter pressure, in. Hg

Py = Absolute stack pressure, in. Hg

PB = S:ack|sta:ic pressure, in. H,0

Ps:d = Sctandard absolute pressure, 29.92 in. Hg
PMR = Particulate mass rate, lb/hr

Q = Volumetric flow rate, ACFM

Qg = Volumetric flow rate, SDCFM

ta = Average temperature of meter, °F

:: = Average temperature of stack, OF

ta = Ambient temperature, °F

toed Standard teuwperature, 68°F

NOTE: Capital T denotes degrees Rankin.

P = Average stack gas velocity, ft/sec

Va = Volume of acetone blank, ml

Vaw = Volume of acetone used in wash, ml

V1 = Total volume of liquid collected in impingers

c

and silica gel, ml

Va = Volume of gas sample as measuied by dry gas
metcr, ACF

Vnc = Volume of gas sample, corrected for leak, ACF

vn(std) s Volume of gas sample measured by the dry gas meter,
corrected to standard conditions, SDCF

vw(std) = Volume of water vapor in the gas sample, corrected
to standard conditions, SCF

\'4 = Volume collected at stack conditions through
nozzle, ACF

W = Weight of residuc in acetone wash, mg

Y = Dry gas meter calibration factor (dimensionless)

ITI-2.




SANDERS ENCGINEERING & ANALYTICAL SERVICES, INC.

AH = Avcrage pressure differcnce of orifice, ‘
in. U0 :
Ap = Velocity head of stack gas, in. Hzo
YV ap = Average of the oguare roots of the velocity
pressure, {n. llz
AH. = Value of (H mcasured for a specific orifice when

operated under the following conditions: 0.75 cfm
of dry air (M.W. = 29) at 68°F, 29,92 in. lig.

0] = Total sampling time, minuces

4 C02, 4 0,, 2 Ng, X CO ~ Number % by volume, dry basis froum
gas analysis.
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SANDERS ENGCINEERING & ANALYTICAL SERVICES. INC.

EQUATIONS
P
1 Pg= Py +Pe
13.6
2. Pﬂ Lod Pb‘t + AH
13.6
3. vg= KCp ¥ bp i&
MgPg
H
Ta

So Vnc b Vm - (Lp - L‘)G
6. V“(’td) = (0.04707 VIC

7. Byg = Vw{std!
Va(std) * Vu(-.td)

8. My = 0.54(%C03) + 0.32(% 09) + 0.28(X N2 + 2 CO)

9. Mg = My(1 = Byg) + 18(Byg)

[""o.za:.(zuz) = (%07) + 0.5(%¢C0)
11, Q= (vg)(A,)(60)
12. Qg = Qa(l - By,) (28 (fa )

Tg 29.92

13. Wy = ms Vaw
Va

III-4.
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14.

15.

16.

17.

19.

¢, = 0.0154 ( e
Va(std)
€50 = L
1 - Ex.»(zon - C.133(IN2) - 0.75(%C0)
71

( 12 )
€12 * ¢g b4 COZ

- 60

Vo= Ty [(0.002669) (Vie) +VR X (Pbar + M \
Tw 13.6

- Vo ¥ —_
1= 100 T, [(0.002669) (Vie) + 5 (Phar + 113\}16 )]
60 © VsP‘An
= 100 Va
60 © vgAqn

I1I-5,
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TABLE III-I1
SUMMARY OF IMILELL DATA

MOBILE RESEARCH & DEVELOPMENT CORPORATION - Particulate, Method 5

Test Conditions #6 0il 50% Emulsion
Static Pressure in, uéo (Pg) 0.2 0.2
Barometric Pressure,

in. Hg (Pbur) 30.1 30.1
Average Orifice —_

Pressure, in. H,0 (A1) 0.8 1.17
DGM Calibration (Y) 1.035 1.035
Average Tegperature -

of meter, F (tm) 92. 92.
0, ' 18.5 19.0
%COZ 2.5 3.0
%u2+%co 79.0 78.0
Volume of Gas

Sampled, ACF (Vm) 9.213 7.506
Total Volume Liquid

Collected, ml (vlc) 7.0 6.0
Total Sampling Time, .

minutes (9) 30 23.25
Diameter of Nozzle, in. (b)) 0.409 0.409

3}

Average Square Roots of
Velocity Pressure,

in. uzo (VE&D) 0.203 0.193

Pitot Tube Coefficaunt (CP) 0.84 0.84

Temperatuse of Stack, -

Average, F (ts) 1900. 1300.

Area of Stack, ft° (A) 39.8 31.63

Particulate Collected,

mg (M) 976.58 315.35
111-6.
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TABLE III-II
SUMMARY wi” 1'ikLL AND LAb LDALA
SULFUR DIOXIDE

MOBIL RESEARCH § DEVELOPMENT CORPORATION

Te;t Conditions

#6 0i1l 50% Emulsion
Static Pressure 1L, nzo tru) 0.2 0.2
Baromuetric Prussure,
in. Hg (Fua) 36.6 36.6
Average Orifice o
Pregsure, in. 1,0 (AU .80 1.17
DGM Calibracion (Y) 1.035 1.035
Average TengLJLUKU _
of Metcr, OF (r ) 92 92
\02 18.5 19.0
tCO2 2.9 3.0
sn2+\co 79.0 78.0
volume of Cas
Sampled, ACF ) 9.213 7.506
Total Voluwe Liguid
Collected, uml W, 7 6
Average Square Roois of
Velocity Pressure, .
in. uzo (va Py 0.203 0.193
Pitot Tube Coufticient (Cp) 0.84 0.84
Temperature of Stack °F (c,) 1900 1300
Area of Stack, (i WA 39.8 31.63
volume of Titrant, ml Wul.) 29,75 8.10
Volume Of Titrant used
for Blank, ml Vo) 0.05 0.05
Normality Of Titrunt N ) 0.01009 0.01009
volume 0f Solution (V“) 214 231
volume of Aliguuil, ml \V”) 25 15
Diameter of Nozzle, in. (Dn) 0.409 0.409
Time, min. 30 23.25 *
(1-802, 0-503) 1 1

I111-7.
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TABLE I(I-III
SUMMARY Ul 1LkLL AND Lol DATA
SULFUR ‘TRIOXIDE
MOBIL RESEARCH & DEVELOPMENT CORPORATION
Test Conditions $6 Oil 504 Emulsion
Scatic Pressure lu. H0 (L) 0.2 0.2
Baromutric Prussuse,
in. Hg (e, 36.6 36.6
o)
Averaye Orifice e
' Pressuse, in. U,0 (A 0.80 1.17
i DGM Calibration (Y) 1.035 1.035
Average Tegpuquuuu -
of Meter, F () 92 92
\02 18.5 19.0
;CO2 2.9 3.0
‘Ng*\CO 79.0 78.0
volume Of Cas
Sampled, ACF ) 9.213 7.506
Total voluwe Liguid
Collected, wml W, P 6
¢ S
Averaye Square Roouts of ,//
velocity Pressuce, I
n. uzo vap) 0.203 0.193
Pitot Tube Cocfticient \C“) 0.84 0.84
Temperacure of stack OF  (()) 1900 1300
Area of Stack, {ti° th ) 39.8 31.63
vVolume of Titrunt, wml (V“L) 5.1 5.8
f voluue Of Titrant used
: for Bla\k, wml (VULL‘ 0.05 0.05%
' Nofmality of Titrunc ) 0.01009 0.01009
voluse Of Solution w,) 91 92
volum: Of Allijuot, Wl v ) 25 25
piameter of Nozzle, in. (D) 0.409 0.409
Tine, min. 30 23.25 ¢
(1-302, 0-803) 0 0

111-8.




' { SANDERS ENCINEERING & ANALYTICAL SERVICES, INC
} PLANT _ /Sy L AMBLENT TiMr. “F
; SAMPLINC SITE BAROMETK1( PRESS. S87./ in. Hy
: TEST OPERATOR E CE LATE zz /‘[jﬂ STATIC PRLSSUKE . H ;,0
i RUN NO, m_ 2 — 7 NOZZLE CALLBKATION - Purssr POST TEST
‘ TIME BECIN_________ TIME END AT . 2 i
; PROBE # . HLILK BUX # . ia. Ln. [
! €l S5 «C-133 . in. ta.
. L 7 AVERAGE DIAMETER .. ta. _____  4a,
CAS ANALYSLS: U, 2. PRUBE HEATER SETTING /
0, . PKOBE LINER MATERIAL ; : ;
%Nz""w LENCTH —— fc. j
METER ng ” NOMUGKAPH VALUES: aM¢ (.4+ | To g%
FINAL _ S Q9, 2 /’7 W0 _ 2, PPy [ O
INITIAL _ 53 0. oo ap ref c v =
NT 9.3 gi _ s

k:/” - dvhd

LOST DURING TRANSPORT, wi LEAK CHECKS _
ACETONE BLANK VOLUME, wl .
ACETONE WASH VOLUME, mi — [Z7 " ug Impact
ACETONE WASH BLANK, 1 — .
il SY&“"“Z/ i g CFM PITOT & Static
WELGHT OF PARTLCULATE COLLLECTED
-(-::lll alider )
Numbe v - Fiual Ue%t Tare Uei&ht Weight Casn

Fiiter Nao.

| | Z(5 477/30 0. bbayr| 0. jod §3
’ ‘ ’ muul’nur No.

K 63, 9476 | (3. 07785 ©.§6 775

5 SCHEMATLC UF STACK X=SECTLON | - . 7
| DISTANCE UPSTREAM TR J TUTAL - 0.9 7658
DLSTANCE UUMWNSTREAM (e, T
STACK DLAMETEK ‘;(Vd z./m. Less Acetune Blank

Weight ol Particulate Macter ¢7é ’53
VOLUME UF LIQULD WATER COLLECTED

Lﬁpinger Impinger lapinger Silica Gel
Volume® Voluwe* Volume* Weight
ml, al, al, 8.
Final
laicial o067 75
. - 1
Liquid Collected

Tocal Yolume Collected

#CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT
INCREASE BY DENSITY OF WATER (1 g/ml):

Page_/ ot 4 1“‘1’”;?:5 = VOLUME WATER, ul [¢]

III-9.
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{PORT 1 CAS m-k U““-_""a; TEMPERATURE °F _ _}vaz-.
“=1p0INTI| TIME C;Ll" _&Pu :.:::\“ STACK| PROBE | HOT | IMP, JCAS MLTLR “‘“'
(cu ithinn 0 lin, 1,0 130X iNn_{our| ™9
/=1 | Tsd\Srad 231 | S4B 5| s
/-2 220sd . 031 | FY $L| 3%
/-3 bzl L0206| 45 §61 §¢
- 4 plol .78 181 ¢4
L2 o | 27 7134
/=6 olo| g0\ 15
/-7 010 /¥ Gg | 45
-/ L0509 w85
2- 2 Lol | /8 g/ | 85
* -3 L0l AT g/ | {5
A=< <0l W21 g, 1 §6
-5 0lb| .27 g21 87
I-4 AR o3 87
2-7| L — |.0# 7 271 87
3-11 % 2, —_
3-2 % —— |
3- 4 05| 09 R
3- ¢ 07¢| 4,35 27| 49
3-4 063\ /.08 74| 90
3-4 15| 199 A
-7 089\ /53 A
-/ L0562 0.90 AW
42 Qo —t
4-3 o —t
AVERAGES
COMPANY 4)/445 l(%«-"/‘-"wvm 7 ////f J
| STACK 1§ rov ¢/ pacE_g _OF

I11~10.




r PORT ﬁﬁu« thu U"“l‘_‘;“j"‘ TEMPERNTURE °F VAC.
; POINT#| TIME |voL. | &P HH STACK| PROBE | HOT | IMP, |GAS METLR l‘;‘;
: cu (tdin o lin.u 0 BOX IN | OUT
h Aof 0 ——
5 4.5 037| 63 95 | 9]
-4 ’ o2l | 76 &8 | Gu
4-7 052 .90 A2,
7 78| /55 R
g2 L A35] Lo 97 | §9 ,
../)”3 O " P
54 O —t— . ¢
223 005| .09 791 oo '{
| 574 078| 135 951 G0 |
57 O | 5 GG | o
lo-/ 037) .03 |90
b2 .062| 0,90 - ar:
L-3 0 .
b-¢ 0 1
33 052 0.9 AR
G- L 89| 453 J0i| F0
-7 094 1. b2 Pz
-/ L 0/6) 027 97| 90
72 000 /8 10/ \Gp
- 3 o_| I
7.4 005 .09 ARL
i 75 WAL 2 g,
6 /83 ] 3.6 02l 9
' ' AVERAGES ; -
COMPANY @«»& / -/'/w"'(«amn 7o 8O .
STACK 1 RUN § __/ _ PAGE_gT OF ud
1II-11. |




PORT 1§ CAS VEL. JORIFLICE] v inamig: ©f
METE HEAD HEAD I'EMPERATURE °F Vti.
POINT# TIME |voL. | &P an sTACK| PROBE |HOT | IMP. |GAS METER o
(cu £tdinl 0 lin.u 0 BOX in_ [ ouT | ¢
- I
5 0 VAN ¥4
3397
° t
|
’ ;
!
L
4
¢

—

AVERAGES ; "y

J, - v
COMPANY d%—-uzc /d“""(" DATE 7/ /1 / fo
‘ STACK § ' RUN # / pace 4 oF o

III-lZ .




SANDEKS ENCINELKING « ANALYTICAL SERVICES, InC :
PLANT = 5 & AMULENT TEMP. vy
SAMPLING SITE - BAKUMETKIC PRESS, 37-/ in. Mg :
TEST OPEKATOR vaTE_ /0y ¢ STATIC PKESSURE o tn. K,V ',
RUN NO. — . NOZZLE CALLBRATION - PRETEST  PQST TEST 1
TIME BECIN TIME ENU . ta.
PROLE # METEK BUX # in. . .
c 0'3 E . . Le13) tn. ia.
i o _ AVERACL DIAMETEN -, 4C 9 1in. .
CAS ANALYSLS: (b, __/t‘?,Z-” PRUDE MLATER SETTING
0 3 (30 FROBE LINEK MATERLAL 55
2 — LENCTH L0 te.
N, LD -
METER WEADING NUMHOGKAFH VALUES: One |44 | 14 _ 47 !
FINAL _ - 7. "~ 20 _ 2 P ity 1Y
o " . [ M ]
INLTIAL Zﬁza ar ref c . T ioo? h
P"f - 0'07, i
LOST DURING TKANSPOXT, wl LEAK CHECKS
ACETONE BLANK VOLUME, wl . v ) '
ACETONE WASH VOLUME, wl NS e bupact .
\ . ———— N ey . 1
ACETONE WASH BLANK, wg/wl SYSTEM 2.4y 3 CFM P LLoT v Statle
WELGHT OF PAKELCULATE COLLECTED
- ‘t'.- '-n.l..n‘l:\:.l' -

Nuwbot Final Weipbl JTaie Welpght! Welpht Gotu

Fileer No.

Ral o760 |0lSms |0 17835

Contaluur No.

g |e5067° Witbpes |0, 197

v

poe

el 1 o

SCHEMATIC OF STACK X=-SECTIUN

DISTANCE UPSTREAM ic. i_“’“‘" i 0.3/535
DISTANCE DUWNSTREAM . v
STACK DLAMETER in. a Less Acctone Blaak

. Welght ot Purtlculate Maucter 3/ 535
—~ VOLUME OF L1QULD WATER COLLECTED

lmpinger lopinger Impinger Silica Gel
Volume* Voluma* Volume* Weight
wl, al, L B.
Final
Inicial

Liquid Collected

Tocal Volume Collected

: #CONVERT WEIGHT OF WATER TO VOLUME BY DIVIDING TOTAL WEIGHT
INCREASE BY DENSITY OF WATER (1 g/uml):

INCREASE . . WATER
Page___of =k <Tal VOLUME WATER, ml

g III-13.

-— - ——




m?u« Ynt:u O'fflfl\‘uu‘ TEMPERATURE °F VAC.
POINT#| TIME [vOL. | &F Al | STACK| PROBE [MOT | IMP, |GAS METLR ;3
cu Lt ““Lgﬁ Ln.ll_‘ﬁ BOX IN ol
ViV 34428 O
Lo J
- J %
[z ¢ 0
/=5 0691 2.0 92 | &
-4 05| /.5 gal Y4
-7 02| /5 qo| 8¢
; 2-/ .
[z
2- 3
; 2- ¢ WO0F | P11 g2\ 95
— 035 | 1.0 73| 15
- b 0431 /.35 : 2| g5
“7 06O\ [, T5 g2 | §5
3-7 2 s
-2 0 T
; 3-4 ;013 .37 fé’ f7
[ 3- 4 1009 A5 > | 77
L - 98| /.25 92187
| -4 |.oaal Lbo 731 9¢
3-7 087 9,80 g3 ¢
-/ 904 | _.as 73| 8¢
#-d .oo»f /2= 93| ¥§
(#J —
i AVERAGES ;
: COMPANY .é:ﬂd.:é"w OATE 7/—2” d i
STACK # RUN ¢ __ 32 PAGE oJ OF %

III-14.




PORT ars | ke 6':"3;‘“& TEMUEIATURE °F VAC.
POINTI| TIME [VOL, | AP o sTACK| prope |noT | IMP. |GAS METER !*“'9 |
cu iepint0lin,. 10 BOX IN | Out :

- o R ANNE: AR

-5 /30| 3.7 g, 1 8¢
¢- 6 ' 095 2.7 97| &9

-7 087\ 250 971 49

5/ 017 0,50 Y AR 4
52 0 - f
s~ 3 O - N
5 4 L00¢ | 0, 1% g7\ §9 |
55 0131 0.37 47| §9 |
5 b 035\ /.0 7 | 90 ‘a
5 7 WY ARED PARL |
b-/ 004 0.12 ¢f | 7¢

b-of @ —

K”Aj 0 —~1

b 4 0 P

b- & 0ol 0,75 AN

66 NIEAWAT; YAV

6-7 pst| /.6 40 |G/

-/ O

7- oL 4]

7-3 0 i

-4 o3| 937 10/ 1 G/

75 07\ 2.5 J0/ | 91

76 L0957 2, 76 valgy

AVERAGES :

COMPANY a-ﬂJ /M DATE 7@/ fo .

STACK ¥

RUN #

encE N3 OF
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f

PORT 1§ CAS VEL. JOKIEICE] ot ot it © 1
» CAS MEAD | mian [LEMUERATURE °f VAC.
i POINTS| TIME |voL. | &P Qi STACK| PROBE {HOT | IMP. |GAS MEtRr | P0*
| cu iehink 0 fin, 1.0 BOX in ] oot | "9
L] Y S ——
77 ,002] 2 36 Joa 91

AVERAGES ;

STACK # RUN

III-16.
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COMPANY a-—"«/t _M LATE 7/..2/ £o
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SANDERS ENCINELKING « ANALYTICAL SERVICES. INC ,ﬁ\
; o

yLANT % AMBLENT (LMY, Yy :
SAMPLINC SITE : BAKOMETKIC PKESS . /J in. i

‘e LAy Yo ) <
TEST OPERATOR _______ UATE 7 /7 /70 STATIC PRESSURE =+ - 2 tn. W,V
RUN NO. / e — NOZZLE CALIBKATION ~ PRETEST  POST TEST
TIME BECIN T1HE END ta. .
PROLE # METER BUX § in. w.
IMp. BOX 4 - ¢ M  _ta. T te.

i L AVERALL UDIAMETER )G in. __ .
CAS ANALYSLS: OO, -2 __ PRUBE HLATEKR SETTINC

0. 1,0 PRUBE LINEK MATERLAL _
——N LENCTH te.
‘N2+lc0 7('/0 Tt T
METER READLNC NUHUCKAFH VALULS: OH¢ : Ta
FINAL - ) 2170 N
‘.LTLAL ap r‘:t c » T
NET _ ¢

LOST DUKING TRANSPUKT, wl LEAK CHECKS
ACETONE BLANK VOLUME, ml " Lapact
ACETONE WASH VOLUME, ml ' —_— —_—
ACETOME WASH BLANK, myg/wl SYSTEM CcFM pLIoT Statd.

WELILHT OUF rAKL LLULATE CULLLUTED

- - -

Contadner I
Nuwbos Final Wo it late Ullﬁht Hutﬁht G ki)
Fiiter N,

.- .o -

rk.um shuer No,

amad -
SCHEMATLC UF STALK X->tLliun oA
DISTANCE UPSTREAM fee L_ :
DLSTANCE UUWNSTREAM __ i1L. B
STACK biAMtTEM Cin. Luas Acetune Bleuk

MWeight vl Farticulate Maccer
VULUME O LIGULD WATER COLLECTED

lapinger lepinger lwpinger Silica Gel
Volume® Volume® Volume® Welght
wl, wl, ml, ‘9
Fipal
laitial

Liquid Collected

Total Volume Collected

&CONVERT WEICHT OF WATER TO VOLUME BY DIVIDING TUTAL WEICHT
INCREASE BY DENSLITY OF WATER (1 g/al):

Page [ of g2 1“‘;““2: « VOLUME WATEK, ml

4

III-17.
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PORT gﬁ-ug VEL. |OWIELCE yumipiaruRe oF vn?‘
POINTH| TIME |voL. | &P an STACK| # HOT | 0o, |CAS MEtiw | 20
Ll cu Ec)ini 0 lan. 10 + |sox |4 P [(In [ out “9__\
i -/ ~.03 -/ 1. 0/
-2 ~,0 2-21 400
43 |9 <L-3 - 0b
-4 V - 4 -, JO
Y-8 o 2-51 10
| 4£-C o 241 L a0
=7 % 2-71 |-,35
2] = 2-81 .0 |
-9 r .00 2-9 ) |
“4-/0 r -9 R=/0 s J24 |
-/ -, 45 /=00l 1209
37 - /7 -9l et
3-4 + /7 /-4 !
1 3-7 + .27 1~ 7 Ol
3-¢ +.07 Z- 2,018
3-5 .06 451 {roal |
—4 - 02 4| ok ‘
- 3 r .03 /-3 033 |
32 — . 04 /22| 1t.03 ﬁ
371 —, &3 /=1 +,03
AVERAGES § P
COMPANY ' : DATE 7/ /90 .
STACK # £ Lecaril gun 4 / PAGE__ < OF_.2




SANDEKRS LNGINELKING « ANALYTICAL SERVICES. INC /7, <\

ol
PLANT , 24 > . AMBLENT TLMr. YF¥
SAMPLING SITE , BAROMETKIU PKESS. ,3;:. / in. Mg
TEST OPERATOR ________ DLALE — STATIC PRESSUKE _» /7, 2;‘_ ta. H,U
RUN N0, 2 _ NOZZLE CALLBKATION - PKETEST  POST TEST
TIME BECIN TIME END_______ . .
PROKE ] METER bOX # in. .
IMP. BOX # - C . 7 ia. La.
AVERAGE LIANETER < 09 tn. ta.
CaS AnALYSIS: @, ¢ __ PHUBE HEATEN SETTING
v, 21,0 PRUBE LINEK MATERIAL __
eyl LENCTH _ _ i,
%NZ*%QQ '720
METER REALLNG NUHOCKALH VALUES: Ohe . Ta
FINAL , 2Uiz0 . Polby
INLTIAL AP ret A
NET - —_ M
LOST DURING TKANSPOKT, wl LEAK CHECKS
ACETONE BLANK VOLUME, wl " :
ACETONE WASH VOLUME, wl — - "m o lwpaat
ACETOME WASH BLANK, myg/wi SYSTEM CFN vLIOT Stat o

Wi il Ub FAKDELCULALE CULLECTED

ContabnC 1

Nuswbso s Fanual Uulh-hl Tate Webpht| Woeipnut i

\

Fiites N,

. b e e ——

-
Contabuer No, .

amd -
SCHEMATIL UF STALK X-SkCTIUN FOTAL
DISTANCE UPSTUEAM fe.
DISTANCE DUNNSTKEAM __  1L. i
STACK DIAMETER _ia. Luas Acctune Bleuk

Welght ul rurticuleale Matter

VULUME uF LIQULD WATER CULLECTED

Lapinger Impinger lapinger Silica Gel
Volume® Vuluse* Volume* Weight
sl. wl, ml, '
Fipal
laicial

Liquid Collected

Total Volum: Collectued

®CONVERT WEICHT OF WATER TU VULUME BY DIVLIDINCG TUTAL WEICHT
INCREASE BY DENSLTY UF WATER (1 g/wi):

Puge_/ of ‘"f“i‘if = VOLUME WATEK, ml

II1-19.




PORT ! it X&D QLY ICE| ppmpuraruRE °F vm?}
POINTH| TIME ‘&Qﬂbﬁiﬁi‘l STACK| PROBE gg'xr MP, ’E%: ML(!)[UA: ;:;_-&
/=7 -,03
L: ~. 03 j
-3 —. 05
Lo - 07
WAl H 1.07
/-G 02
o2- o “, 03
2-4 027 '
-4 0
2-3 -.03
A-L .05
o=/ -, 0]
3-/ — pé
= )
3-3 - (5
3 < =/
I~ 5 .
36 L. .o
- & £ or0
4- 5 - L
y- 4 -7 I
&-3 -, 06 ‘l‘
- o /|
yad 05 |
AVERAGES ;
COMPANY ’ oats __7/4/ 10
STACK § RUN § P  PAGE_o? OF o2 |
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SANDERS ENGCINEERING & ANALYTICAL SERVICES. INC.

800 DOWNTOWNER BLYD. GUITE 100 0 2. 0. BOX 100604 MOBILE. ALABAMA 0016 ¢ 205/ 342-2:20

]FL//(/ j’ Date: -//’/L/ff

Facility Name: U‘) (’ (v Clock Time:

Location: : . Wind Direction: A W

Type Facility: _fiare Wind Speed:

Emission Source: _ [t/ Ambient Temperature: &5 /—
‘\i Contro) Device: A Ll Sky Condition: d%/'
| Stack Height: __|(/ Sky Color: __ J8hwa

Estimated Distance from Source: ‘Z/ Plume Background:

Dyrection from Source: _ {/ [ Color .of Plume: [l#cy

K Chose
Seconds Steam Plume

MIN 00 15 45 Attached Detached Comments

30
o [Too |80 |95 |90
1 185 1 40 | %0 %0
45 | 90 | 90 |40
o0 |90 |96 |79
20 7% |s6 |75

2

3

4

s |70 |79 |40 | 7%
Floe'e Einme | poance|Fin
. | X
7

L4l 1po %
75 {706 |77 |4

8 (U5 {706 |70 |65
s w0 oo T i?}‘q_‘/éw < %é
0 19¢ 177 lvo |50

Readings Ranged from 2 to % Opacity

Six-Minute Average (24 Consecutive Observations): % Opacity *

Observer and Certification Date Signature




Faciirty Name: _M&Lﬂ/

SANDERS ENGINEERING ¢ ANALYTICAL SERYICES. INC.

800 COWNTOWNER BLYD. SUITE 109 ¢ P. O. BOX 100404 MOBILE. ALABAMA OO ¢ 305 / I62°2130

Date: jf/ A X
Clock Time: 7.‘7’54/12

Location:

Wind Direction: 7. Agw &ats

Type Facility: _ o Gdon b Ao

wind Speed: 5 #1/4+

Emission Source:

Ambient Temperature: 2 /

Control Device:

Sky Condition: __ (i

Stack Height:

Sky Color: 6#,1

]‘
tEstimated Distance from Source: /d Plume Background: /?L 24
Oirection from Source: _ /¢ Color .of Plume: /gw
Seconds Steam Plume
MIN 00 15 30 45 Attached Detached Comments

o |30 |29 |2e | |7

L 1Y 1o 115 114

15 139 1o |35

2 (3¢ 134 B4

6 114 lrg |19

154 116 |15 o

Jo 1[0 |!

2
3
4
s (¢ 1Dd 1/e 1S
6
?

8 |20 [2¢

g
S/
5 1|14 124 129
w |4 |4 o g
y 20126 b3 |29
Readings Ranged froa % to % Opacity

Six-Minute Average (24 Consecutive Observations): 3 Opacity

Observer and Certification Date

H
SigmtureMC%Ju




SANDERS ENGCINEERINGC & ANALYTICAL SERVICES, inC
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SECTION 1V

CALIBRATIONS ‘




Date

METER CALLBRATION FORM -

March &0, 1980

4

Box

NO,

WM

LSI-460

Test Condition: All a0 Maximum Vecuws 100 iy
Ref. WTM Ser. # 19598 Calibrated by Joseph C. Sanders
RUN # 1 2 3 q 5
0l AH (DCM) 0.5V 1.0 2.0 3.0 4.0
O?
- LA WTM 0.8 0.90 1.2 1.45 1.75
Gas o
03 vol Initcial }200.000 215.000 36.000 57.000 74.000
wet ]
04 Test | Final 215,000 235,000 56.000 73.000 90.000
Meter
05 Sgi Initial {165.900 181.685 |203.085 [224.292 241.378
bry
06 gai (| Final 181.160 202.071 |223.314 |240.377 257.389
wete
Ten In 0ut Lo vut la Out la  |Ouc In Put
07 ,Fp Initial
W Avi. 80 Avye. 80 Avye. RO Ave. B0 Avg. 80
et In ‘Ou( Li ru: In ]Out in JOu: In |Out
o8 Test | pinal
Meter Avi, 80 vy, 80 Avyi. 80 Avg. 80 Ave 80
Temp _ Leg] [Vut gg LngiUut 8g |ing Out 88 1n98 Outeg In98 Outeg
09 op Initiul
Dry Avy. 85 Avy. 91.5‘Dgt92 Avg. 93.5 Aiﬁ:93‘5
Cas . 1‘9519“ gg [lngquutgg |ln ngu: 88 Inlgg)uceg InggLOu:lou
10 Jyeter |Final
avg. 915 lave. 92 lave. 93 lavg. 94.5 avg.95.5
i 29.75 29,75 29.75 29,75 29.75
11 [, . inHg
12 ('ime (sec) 2340 2193 1554 1022 881
Metér Correction
Factor 0.9948 0.9977 1.0036 1.009 1.011
Qm 1 0.3915 0.5567 0.7846 0.9540 1.1952
K ‘ 0.6930 0.6969 \ 0.6946 0.6896 0.692¢C
mn
A, \ 1.92 1.90 ] 1.91 1.94 1.92
Averayges: Yy = 1,003 oM, o= 1.92
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Dace

METER CALIUKATION FORM - DCM

December 26,

1479 Box No,

an

)
S5-1-2-3-4

C=133

.

xn.qu

Teat Condigions:

Ref, DGM Ser., |

Culibruted Uy

Max Lmuin Vacuuwn 0

an*ilyg

= ;
RUN | W
01 o (DCMm) 0.5 i 2.0 3.0 - 4,0
02 Y (Ref. DCM)| 1.007 E 1.007 ‘ 1.007 1.007 1.007
Gas . . | ) .
03 |yo; | Initial {612,224 642.102 | 652.110 | 662.455 | 682,563
Ref, N
04 |pew | Fanal 641.838 651,743 | 66L1.765 | 672.377 | 692.335 |
|
05 %25 }rniesa) |128.326 | 159.303 | 169.720 |180.432 .| 20L.110 |
Dry } %
06 Gas i -
Mocor| Final 159.027 169.342 L}79.725 190.639 "|211.118
th {Out T tat ta  tuac in  |Out In  Out
07 ngp Initial : |
Avi, 53 hvp, 99 Avy. 60 Avp, 61 Avg, 62 -
Ref, ln  |Out in oot o Mt In  |Out ln  Out
08 loom |Final | | i
Avi, 59 kVL- 60 Awvye, 61 AVE ., 61 Avie 62
Tem i Outl ¢ a I, qllut L, ~10ut L Out L Out
05 [TEmP |1nieia, (opouOu6d YrolUue 73]'096|0utys |Log [Out 95 lay Out 54
cy g, 82.5 tavy. 91.50Avg. B5.5 |[Avp. 87 Avg. 85
10 £22 loinal 1!04LP‘73 {6t 9410y }0utgs iR [oue 76710 1 4008 5
Avg. 91 Avg. 92.5 tavp. 94.51Avg, 93 1Avg. 95.5
11 %har in Hg 1{ 30.09 30.09 30.09 30.09 30.09
2 %ime (sec) ‘ 4849 \ 1153 831 696 599
Meter Correction | 1 0280 1.0251 1.0218 | 1.0258 | 1.0264
Factor !
Q. 0.3935 0.5360 0.7442 0.9076 | 1.0388
K, 0.7008 0.6744 0.6617 0.6606 | 0.6541
| Ax, 1.8752 2.0248 2.1021 2.1103 | 2.1523
. 2.053
Averages: Y = 1.025 an, =

IV'2.




Date

METER CALLURATION FORM -
March &0, 1980

Test Condition: All

)

xu.uzo Maxiwmwn Vacuwn

BOX

NO,

WM

LSI-460

in° g

Iv-1.

Ref. WTM Ser. ¢ 19598 Calibrated By Joseph C. Sanders
RUN # 1 2 3 4 5
0l AH (DCM) 0.50 1.0 2.0 3.0 4.0
02 A WTM 0.8 0.90 1.2 1.45 1.75
Gas L
03 |[yo; | Initial [200.000 215.000 36.000 57.000 74.000
Net 1]
04 Test | Final 215,000 235.000 | 56.000 73.000 90.000
Meter
03 Sgi Initial {165,900 181.685 |203.085 |224.292 241.378
Dry
06 S:f-.er Final 181.160 202.071 1223.314 {240.377 257.389
. Tem In  |Out Lo vut Lla |Out la |Out In Put
07 "CR lInitial —
W Avp., 80 hve. 80 lAve. 80 Ave. 80 Avg. 20
et In Joue fu [ouc  fn  [out In [Out |Ia [Out
o8 Test Final
eter avg, 80 hvye. 80 Avie, 80 Avg. 80 Avg 80
09 |Temp o lg] [Vut gg !'ngqOut gg jLngdUut gg | Ingg|Outgg | Ingg|Outgg
op Initial
ry Avr. 85 AVL 91.5 AV .92 A!EL 93.5 AV'.93uS
o [cas _ ugﬂi)ut g8 [lngqUutgg [lngdOucgg 1“10‘9“589 Ingg|Out) g 4]
1 eter |Final
avg. 915 lavg, 92 lavy. 93 {avy. 94.5 {avg.95.5
11 }"bar in. Hg 29.75 29.75 29.75 29,75 29.75
12 I'ime (sec) 2340 2193 1554 1022 881
Meter Correction
Factor 0.9948 0.9977 1.0036 1.009 1.011
Qm 0.3915 0.5567 0.7846 0.9540 1.1052
Km 0.6930 0.6969 0.6946 0.6896 0.692¢C
Aua 1,92 1,90 1,91 1.94 1,92
Averayges: Yy = 1.003 AUl = 1,92

_sin aaidin o M e L %




METER CALIBRATION FORM -
July 17, 1980

DGM

Date - Box No, LSI-460

Test Condition: &H 2.0 10

m.uzo Maximuwn Vacuum ineHg
Rer, DGM ser. #__ 151 7662 Calibrated By John Rogers
RUN 1 2 3
01 AH (DGM) | 2.0 2.0 2.0
62 ¥ (Ref. DGM)| 1.035 1.035 1.035
03 3g§ Initial | 924,477 |935.435 952,023
Ref.| pinal 935.435 (952.023 | 968.784
04 DGt1 . . .
05 |28 linicial {809,143 | 820.224 | 837.014
Dry
06 |Ca8 |Final |820.224 | s837.014 | 853,902
in Out in Out ta Out la Out In Out
07 T?gp Initial
Avg, 75 vy, 75 .l Avg, 75 AVR. A‘VS,
pef. in |0ut n JUur. Ln ]Out la Out 1a Out
08 DGM |Final
i Ave. 75 hvg, 75 Avg, 75 AVR., Avg
Te in Out in Jut In Qut In Out In Out
09 [TE™P |l iciar 86°““ 80 |""g6]"“*50 |""36|%* g0
ry Avg. 83 Avye, 83 Avg., 83 Avg, Avg.
10 cas . Lnsdgll 80 lﬂ86 Uutgo 1“86 00(80 In Qut In oﬂc
f’eter Flnal [
Avg, 83 Avg. 83 lava. 83 |avg. Avg.
11 kbar in, Hg 30.06 30.06 30.06
12 ime (sec) 900 900 900
Meter correction
Factor 1.034 1.033 1.038




METER ‘CALIBRATION FORM - DGM g
Date July 17, 1980 Box No. C-133
Test Condition: &An 1.0 N i,0 Maximum Vacuum 5 in*Hg
Ref. DGM ger. #__ 151 7662 Calibrated By John Rogers
RUN §# 1 2 3
01 AH (DGM) 1.0 l.0 1.0
02 ¥ (Ref. DGM)| 1.035 1.035 1.035
03 3:: Initial | 982.114 992.228 [001.902
Ref. . .
04 DGM Final 992,228 001.902 1014.248
05 3:§ Initial | 348.526 | 359.002 [369.165
Dry
06 Gas : .00 . .
M c Final 359,002 369,165 381.911
In Out In Out In Out la Out In Out
07 |TSEP |Initial
Avg, 15 hvg, 75 Avp, 75 AVER., AVER,
[Ref. tn ,Out b n '0ut n ut in lOut In Out
o8 tDGM Final
Ave, 75 ve, 75 Avg, 75 Avg, Avg
Tem 1 Out [ Out 1 Out In Out In Out
TP | nitial 11d%t 78]'8190 g9 [19;0[0utqq
ry Avg, 94 | Avg. 99.5 [avg, 100 Avg. Avp.
as ] ullaOut 89 l!la0"t90 1212 Outgp |ln lOut In Out
ter (Final —
Avg. 99.5 Avg. 100 {ave, 101 Avg. Avg.
bar in. Hg 30.06 ; 30.06 30.06
time {sec) 900 f 900 900
i
Meter Correction
T "
AsH.

Averages:
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TEMPERATURE CALIBRATIONS

BOX NO. - LSI 460  Model No, - 2572-X=1-P-X-K-F Serial No. 941652
PRETEST
oate_2/20/ G2 -
‘i [
Raf. Tenp. Stack Probe Hot Box Impinger LDry Cas Meter
in Out
34 35 34 34 33 34 34
s 74 75 76 75 75 75
160 161 161 159 160 160 160
i 210 210 211 211 212 211 211
398 400 399 398 400 399 399
510 509 511 s09 512 510 510

Gt S e

s S A A e e

P R TV VY VR
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TEMPEIATURE (ALLBR.T LUNS

0% N0, C-133 Model No. Serial No.
PRETLST
oAt 3/30/ 50
e t
Ref. Tenp., Stack Hot Box Impinger |[Dry Gas Meter
in Qut
a3 35 34 34 34 34
75 75 15 74 74 74
168 165 167 167 168
210 210 212
370 370 Jes
495 498

IV‘6 .




PITOT CALIBRATIONS

proBe Z/d - /&”ﬂ oare _[[-2¢-79
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Figure 2-7. Proper thetocoupie placement 10 prevent inter(erence;
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Figure 2-8. Minimum pitot-sample probe separation needed to prevent interference;
D¢ between 0.48 and 0.95 cm (3/16 and 3/8 in.).
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PITOT CALIBRATIONS

b

:

s ) . !
h PROBE 47 - /O oate [lf- 2¢ 79

] | |
] I\ = 3
ol .—-—l‘@G}-—‘\\ ;

pow S

LONGITUDINAL
TUBE AXIST

; L=t e £ 41
Tt

(o)

Types of face-opening misalignment that can result from field use or Im
proper construction of Type S pitot tubes. These will not affeet the baseline veiue
of Tpis) 30 long a3 a1 and @2 < 100, i1 and 12 < §%.2<0.32em (1/8in) snd w &
0.08 em (1/32 in.) {citation 11 i1 Section 6).
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APPENDIX D

Letter Describing Capaoilities of the HH3F, HH52A, and HH65A Helicopters
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- - . MAILING ADODRESS
'UNITED STATES COAST GUARD ~ SoMwatoins orces

J 5. CCAST GUARD
AVIATION TRAINING SENTER
MOBILE. ALABAMA 136608

13010
18 March 1980 i
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From: Commanding Officer, CG Aviation Training Center
To: Commanding Officer, CG Research & Development Center

Subj: HH-3F, HH-52A & HH65A; Capabilities for incinerator
transport

;’ Ref: (a) CO, CG R & D Center ltr 704153.4.1 of 26 Dec 79

1. 1In response to reference (a) the enclosed information
has been prepared for your use in determing the capability
of CG helicopters transporting the various components of the
Trecan LTD incinerator.

2. The HH-52A and the HH65A (new SRR) helicopters are
totally out of the question for the following reasons:

a. The HH-52A has a max gross weight of 8300 lbs which
is approximately 250 lbs less than the combined weight of
the aircraft, crew, and 2000 1lb load, not including any
fuel.

b, The HH65A with crew and a 2000 lb locad totals 300
lbs less than the max gross weight of the aircraft which
would be a good fuel reserve but that's all,.

i The HH-3F helicopter is the only remaining possibility and

i would be well suited for the mission, subject to the limi-

i tations as discussed in enclosure (1). This enclosure also
contains performance data that relate to fuel required and
fuel available for given £flight conditions. For example, on
a standard day (i.e. 15° C OAT, pressure and density al-
titude at sea level) with 10 kts of wind at the pickup and
asgembly sites an HH-3F could make three round trip shuttles
a distance of five miles, one way, before needing to refuel.
If working in the same area for both pickup and assembly
phases the HH-3F could operate for one and one-half hours,
given the same conditions, before needing to refuel. In
each case, a refueling source would have to be close by or
this would necessarily take away from fuel available for the
migsion.
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18 March 1980

Subj: HH-3F, HH-52A & HH65A; Capabilities for incinerator
transport

3. In addition to the discussion in enclosure (1) of the
inflight stability of external loads we recommend contacting
the experts in the field, namely the U.S. Army Transporta-
tion School at Fort Eustis, Virginia for further guidance in
this phase of your evaluation. Correspondence should be
addressed as follows: Directorate o? (raining, U.S. Army
Trangportation School, Fort Eustis, Virginia 23604 (ATSP-
DT-TM) .

4. Finally, in an effort to develop a realistic test plan
and evaluation for this project we recommend you contact
COMDT (G~0SR-2) for the assignment of an air station to
assist you. This will bring you in direct contact with not
only the aircraft but also the aviation personnel who, at
some stations, routinely operate with external loads.

H. F. O
By direction

_ Encl: (1) Discussion of HH-3F Capability anc Attachments

(1), (2) and (3)

Copy to:
COMDT (G~-OSR~-2)

0-2




DISCUSSION OF HH-3F CAPABILITY

1. The following is a discussion of the HH-3F's capability
to sling load sections of the Trecan LTD's portable in-
cinerator. An analysis of the tactical data for the HH-3F
will show that a mission of this nature is very much within
the capability of this helicopter, however this capability
is definitely limited by the concepts and principles pre-
sented in the following discussion.

2. The recommended and preferred method of transporting
this equipment is externally vice internally for the fol-
lowing reasons:

a. Most importantly, the single engine capability of
the aircraft would be greatly enhanced, should the situation
arise, by being able to jettison the external locad at a
moment's notice. This would mean an immediate reduction of
up to 2000 lbs of weight from the gross weight of the air-~
craft thereby placing the helicopter well within the single
engine flight regime for all calculated conditions up to a
pressure altitude of 1000 ft.

b. Since this equipment requires either a high lift
crane or a medium lift helicopter for assembly and the
location of assembly would most likely be a remote area, the
external method would be more efficient.

¢. The actual handling of the equipment in the trans-
portation phase is greatly reduced utilizing the external
method. Hook up and delivery of a properly prepared sling
load is a simple and safe task when reasonable safety pre-
cautions are followed. Loading and unloading heavy and
unwieldy objects like the incinerator sections internally is
laborious, hazardous to the aircraft and personnel, and an
egress hazard in the event of inflight emergency. Attach-
ment (1) addresses the inflight stability of sling loads,
pointing out some important considerations to follow when
actually rigging the items for flight.

d. Aircraft weight and balance, and therefore preflight
planning, is greatly simplified using external loads due to
the fact that the load is suspended directly beneath the
aircraft's main transmission, i.e. directly below the lift
vector for the rotor system of the helicopter. The weight
of the load as opposed to a moment affecting the center of
gravity of the aircraft is the primary consideration -
providing the load is riding well in forward flight.

Enclosure (1)




3. The major drawbacks to external loads are the reduced
range of transportation due to the slow airspeeds needed to
keep the load steady, and a reduction in the maximum weight
the helicopter can lift because it has to hover out of
ground effect when making the pickup/delivery. The former
can only be predicted by actual test flights, for the most
part, although to get an idea of fuel consumption for
missions involving different enroute distances attachment
{2) has been prepared. The total fuel values derived in
this attachment are based upon estimated fuel flows for the
various phases of the flight. Also included in the calcu-
lations are a set of standard conditions, all of which are
identified. As mentioned before, the importance of the
arrzugement of the load and the manner in which the sling
apr’ -ratus is attached cannot be overemphasized. This
greatly affects how well the load will ride in forward
flight and consequently what kind of range the aircraft will
possess. Not to be overlooked is the actual shape of the
object and whether or not it possesses any aerodynamic
characteristics. This will also affect the range of the
aircraft by how well the load strzamlines. The information
contained in attachment (1) will necessarily have to be
considered if during the test phase any of these adverse
effects relating to the transport of external loads are to
be minimized.

Generally speaking, the capability to lift a heavy load in
the HH-3F is limited by power being applied to the aircraft
transmission, in cold temperatures! and by how much power
the engines can produce in warm temperatures. With the use
of flight test and estimated aircraft performance data
fairly reliable values can be calculated to predict aircraft
performance under varying conditions. Attachment (3) has
been prepared to show the effects of temperature and wind on
the HH-3F's capability to lift a 2000 lb external locad and
the resultant fuel load that could be carried for the dif-
ferent phases of the flight. The effects of wind are not
normally considered in the preflight planning of external
load missions except to note that any wind encountered may
serve to improve helicopter performance. For maximum power
maneuvers a power safety factor of 10% torque is required
between power required and power available and is figured
into the calculations of attachment (3). Normally if this
safety margin does not exist the mission should not be
attempted. Due to the height, above the ground, of the
hovering helicopter when it picks up the external lcad, all
»arformance calculations are based on the aircraft being out
of ground effect. This height will obviously vary from




mission to mission but is generally directly dependent on
the length of the pendant used to suspend the load. This
phenomenon, known as ground effect, is a cushioning that the
aircraft experiences while hovering at low heights above the
ground, usually within one rotor diameter distance (up to 40
to 60 ft for the HH-3F depending on gross weight), and when
in this effect, significantly less power is required to
hover for a constant gross weight of aircraft.

4. In comparing fuel data between attachments (2) and (3)
one can readily see the HH-3F is not going to be overly
effective at making long enroute distances with 2000 1b
external loads. For even the shortest distances it would be
virtually impossible for the HH-3F to transport these items
on a single fuel load without taking the time to refuel. If
worked in a common area for both pickup and assembly, the
HH-3F would be very useful and could probably complete an
entire assembly phase without refueling, providing there
were no lengthy delays and the winds were favorable.

In many respects, the data reveals a very underestimated
look at the HH-3F as pertains to transporting a 2000 1lb
external load. First, it assumes the hovering portions of
the evolution will be accomplished hovering out of ground
effect (HOGE) with the associated increases in power re-
quired. As mentioned before, this is not altogether true
and depends on the length of the sling apparatus and how
high the pilot elects to perform the hover. With proper
equipment and operating technique this lost performance can
be minimized. Secondly, the slightest amount of wind tends
to increase helicopter performance significantly, and if
continuous operation is anticipated in any one area (i.e.
pickup and assembly site co~located) this ¢ould be used to
one’'s advantage. Last of all, there exists a significant
difference in weight between what full maximum power (MAX
GW-HOGE) and what the safety factored power (GW-HOGE) will
hover out of ground effect. A comparison of these weights
in each category shows this power safety factor severely
limits the aircraft's potential for handling a larger load.

The planning and execution of external load missions in-
volves many variables and necessitates the inclusion of
various safety factors that help insure the mission goes as
planned. Basically all safety factors boil down to planning
very conservatively thereby allowing plenty of reserve to
draw from in case unforeseen circumstances are encountered.
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CHAPTER 3
IN-FLIGHT STABILITY OF SLING LOAULS

3-1. Theory of Stibilizing Sling Loads

8. The aerodynamic phenomena of side to side
movement and forward.aft oscillation of cargo
suspended beneath a helicopter show that the pi-
lot is flyinr two different bodies: One is the
helicopter, which is aerodynamically stable; the
other is the sling load, which seldom is aero-
dynamically stable. Therefore, most of the
problems ancountered in helicopter extermal lifts
concern the instability of loads in flight.

b. Load instability will occur whenever the

weight of a suspended load is not sufficient to
hold it down against the drag of the air through
which it movex. It is commonly experienced with
clongated loads that are symmetrical about their
CG's. Such loads will alwavs turn broadside to
the direction of flight, thus exposing maximum
drag surface. The lighter the load in proportion
to Lthe expoxed draz surface, the lower is the air-
apeed at which instability will oc~ur. Stabiliza-
tion of suc!: loads may be assured by one or more
ol the following means:

(1) Reducing the airspeed of the helicopter.

{2) Increasing the ‘weight of the load.

(3) Reducing the drag surface by altering
the reiationship between the CG and the center
a( pressure of the suspended load in such a way
ast to assure that the narrowest surface points
in the direction of flight.

¢. Normal'y, the drag-surface-reduction means
i the preferred solution. This effect is achieved
cither by adding surface to the rear of the load
or by adding weight to the front. The general
rule is that stability will be assured at practical
helienpter speeds when the load's CG is located
at the front third of the surface area.

A, \While it is true that a load may be stabil-
ized by reducing the airspeed, this means should
he used only as a Iast resort. -Any airspeed be-
low appraximately 60 knots will severely degrade
the pilol’s opportunity to jettison the load and
perform an autorotational landing in the event
of power ‘failure. For this reason, the rigging
proendures {or all tactical loads should be based
on the requirement to fly the loads at speeds in
~xerss nf 60 knots. When this rigging criterion

cannot be met, appropriate cautionary steps
should be taken during flight of the load. For
example, a smail CONEX container may be flown
at 60 knots when its total weight exceeds 2,500
pounds. When the container is flown empty,
however, severe instability will occur at about
30 to 40 knots of airspeed.

32, Examples of Load Stabilization

a. There are two expedient means of stabiliz-
ing sling loads. One is by adding surface to the
rear of the load. In this concept. the added sur-
face consists of related equipment of light den-
sity such as connecring a trailer o the vehicle
to be lifted. Since the amount of additional sur-
face is out of proportion to the weight that has
been added, the relationship between the .G
and center of pressu-e of the total load has
been altered and the load tends to stabilize in
flight. The addition of related equipment is a
more practical technique than that of installing
rigid fins or similar airfoil spoilers onto the
rear of the Joad.

b. Another means of stabilizing a sling load
is by adding weight to the front of the load. In
this concept, supplies of high density are se-
cured to the front end of the load. Since the
amount of additional weight is out of proportion
to the amount of surface that has been added.
the relationship between the CG and center of
pressure of the total load has been altered and
the load tends to stabilize in flight. While this
basic concept is simple. its mathematicai appli-
cation under field conditions is compiex because
the amount of weight to be added must be cal-
culated in moments rath2r than raw weight. The
desired balance location is a point at which not
more than one-third »f the total surface will be
located forward of the CG. Weirht must be
added so as to cause the moment of the forward
one-third to equal the moment of the rear two-
thirds of the load. Thiz value can be math-
ematically calculated by the same methods used
to determine the balance of a loaded aircraft. A
suitable system that will usually be more satis-
factory under field conditions can be empioved by
using figure 3.1 as a guide.
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In this example, the typiéai configured load is is symmetrical about its CG, and will alwa
12 feet by 3 fout by 1 foot, weighs 800 pounds, fly broadside to the direction of tlight.
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PERFORMANCE DATA (RANGE VS FUEL)

constants:
Standard day (15°C OAT, pressure altitude 0)
No wind
Enroute altitude 1000 ft (PA)
Fuel reserve 20 to 30 minutes (400 1lbs)
Start/taxi fuel 100 1lbs
Pickup hover 120 lbs (5 min at 1450 lbs/hr)
Terminal hover 240 lbs (10 min at 1450 lbs/hr)
Enroute trip 920 lbs/hr (72 KTAS)
Return trip 1040 lbs/hr (110 KTAS)

Fuel (lbs) Distance One Way (NM)

5 10 30 80
Start/taxi 100 100 100 100
Pickup 120 120 120 120
Enroute 64 127 383 765
Assembly 240 240 240 240
Return 47 95 285 570
Reserve 400 4900 400 400
Total 971 1082 1528 2195

Considerations:

All fuel flow rates used in these computations are estimates
based on the best available data. As a flight progresses
more and more fuel is being consumed thereby reducing air-
craft weight, and hence, similarly reducing the power
requirement for the same amount of work being performed.

As the mission progresses less fuel will be required for
each evolution. The above data does not take this into
account to any great degree,

The hover times for both pickup and assembly phases of the
evolution are also best estimates being rather certain of the
former and not so with the latter. The study utilizing the
Bell helicopter commented on some rather lengthy delays
during installation and it is this sort of thing that really
eats up mission time and necessitates early aircraft
refueling.

The enroute airspeed of 72 knots true airspeed was used
because it was the lowest airspeed which would produce any
fuel flow infomation from the cruise performance charts.

This is significant because it is strictly an estimate of how
fast the external loads could be flown with. Actual flight
test data will definitely be needed if a comprehensive study
on external load transport of these items will be feasible
over greater distances.
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PERFORMANCE DATA (WEIGHT VS FUEL)

Ccastants:
Aircraft operating weight - 17,353 lbs. (includes a typically
SAR equipped H~3, 2 pilots, 2 crew, cargo sling, and 2000lb
external load)
Pressure altitude - sea level

Variables:
Temperature (density altitude)
wind

I. Temp - 5°C OAT, DA -1100f¢t.

NW 10KTS 15KTS
PWR AVAIL 119 121 121
Q-HOGE 93 93 93
GW-HOGE 18,800 19,550 20,500
MAX GW-HOGE 20,150 21,400 22,050
FUEL 1447 2197 3147

II. Temp - 15°C OAT, DA O

PWR AVAIL 110 117 117
Q-HOGE 93 93 93
GW-HOGE 18,800 19,550 20,450
MAX GW-HOGE 20,100 21,400 22,050
FUEL 1447 2197 3097

III. Temp - 25°C OAT, DA +1100ft.

PWR AVAIL 100 107 107
Q-HOGE 90 93 93
GW-HOGE 18,300 19,450 20,300
MAX GW-HOGE 19,950 21,000 22,050
FUEL 947 2097 2947

IV. Definitions:

Power available - % torque (power) available from the engines

Q-HOGE - the maximum power that can be used for flight planning
purposes (which is 10% torque less than either power avail-
able or transmission limit) to hover the helicopter with
the load out of ground effect

GW-HOGE - that gross waight of helicopter (including fuel) that
the Q-HOGE figure corresponds to ]

MAX GW-~HOGE - the maximum helicopter weight that can be hovered, 4
out of ground effect, disregarding the 103 salety factor ;

FUEL - difference between aircraft operating weight anéd GW-HOGE ;
(fuel that could be carried for the mission) :
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